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ABSTRACT
Spermatozoa Capacitation*
Experiment I - Forty-two ejaculates from five fertile 
dairy bulls were evaluated for fluorescence (rated 1 to 
5) and intact acrosomes. Following collection, raw semen 
was incubated in tetracycline hydrochloride (6 ug/1 0 ® 
sperm cells) for 10 minutes. The treated semen was 
then diluted in Tyrode's solution (TiX) at a concentra­
tion of 1 0 0 x 1 0 ® spermatozoa/ml and immediately allotted 
to the following treatments in 13x125 mm columns at 
23Cj (A) and (B) two columns-2 ml of semen were layered 
over 6 ml of 6 % bovine serum albumin (BSA); in (C), (D) 
and (E) 2, 1 and .5 ml of diluted semen were mixed in 6 
ml of 6 % BSA, respectively; and in (F), (G) and (H) 2,
1 and .5 ml of diluted semen were mixed in 6 ml of TiX, 
respectively. After 1 hr, the semen columns (A and B) 
were separated into top layer (a), upper (b) and lower 
(c) BSA layers and then all treatments were centrifuged 
and the supernate removed. Fluorescence in A (b and c),
B (b and c), C, D and E decreased (P<.01) when compared 
with spermatozoa mixed with TtX in A (a), B (a), (E),
(F) and (G) (1.3±3.8 vs 3.6±2.3, respectively). The per­
cent intact acrosanes (+SD) was lower for the BSA treatments 
A (b and c), B (b and c), C, D and E (83.6+12 vs 92.4±5.5) 
than the TiX treatments A (a), F, G and H, respectively.
In summary, decreased fluorescence in treatments A (b and
ix
c), B (b and c) through D would indicate that capacitation 
may be occurring in these bovine spermatozoa.
Experiment II - Twenty ejaculates from five fertile 
bulls were evaluated for intact acrosomes, progressive 
rate and motility. Following collection, the raw semen 
was diluted either into two 4 ml aliquots of TiX plus or 
minus Calcium (Ca++) at 100x16* spermatozoa/ml, equally
divided (2x2 ml) and incubated in either 3% BSA plus
+ +  ■+■+ or minus Ca or T*X plus or minus Ca for 4 hr at 38C.
Subsequently, the treatments were centrifuged and re-
++
suspended in TjX + C a . Samples were taken at 10, 30,
60, 90 and 120 min and the percent intact acrosomes 
determined. The intact acrosome percentage of the TjX 
and BSA treatments were not different at any specific 
sampling time. The BSA treatments (3.5+.4) had a higher 
(P<.01) progressive rate than the TiX treatments (2.9±.4). 
However, the BSA treatments did not have a higher percent 
motility than the T*X treatments (58.6±5 vs 56.5+5).
Also, the addition or omission of Ca++ to the media had 
no effect on the progressive rate or motility. The 4 hr 
incubation of bovine sperm cells in 3% BSA±Ca++ was not 
sufficient to capacitate the spermatozoa; therefore, 
preventing the sperm cells from undergoing the acrosome 
reaction.
x
In yJLtho Fertilization.
Experiment III. Three bulls were collected via 
electro - ejaculator and the raw semen assigned to one 
of the following treatments: (A) 10 min incubation in
380 mOsm/kg NaCl in Brackett's Defined Medium, (B) 10 
min incubation in Brackett's Defined Medium, (C) 2 ml 
layered {100x10* sperm cells/ml) over 6 ml of 6 % BSA in 
13x125 mm columns for 1 hr and (D) 2 ml mixed (100x10* 
sperm cells/ml) in 6 ml of TjX for 1 hour. Treatments 
A and C had a higher (P<.01) progressive rate than B 
and D (3.1±.l, 3.8±3.5 vs 2.4±1.1, 2.2±1, respectively). 
Treatment C had a higher (P<.01) percent motility than 
either A, B and D (67±9.8 vs 35±7.2, 36±10 and 34±8.4, 
respectively). Bovine oocytes (218) were collected from 
follicular or oviductal sources. Of these, 205 oocytes 
were randomly allotted by donor female to either 1 ml of 
Brackett's Defined Medium (BDM) or Phosphate Buffered 
Saline Medium (20% fetal calf serum, 1% antibiotic and 
11 mg/100 ml pyruvic acid) (PBSM) and incubated for 24
hr with spermatozoa from each of treatments A, B, C and 
D (40x106 live sperm cells/ovum) at 38C. No cleavage 
was observed; however, one ovum in PBSM culture medium 
and BSA-treated sperm cells appeared to have two polar 
bodies.
Experiment IV. A total of 42 ova were distributed 
between two spermatozoa treatments (34 ova to BSA-treated
xi
sperm cells and 8 to TiX-treated sperm cells) in 4 ml of 
PBSM with 10x10* live sperm cells/ovum. After 24 hr 
incubation at 38C, no cleavage was obtained.
xii
INTRODUCTION
Before fertilization of oocytes can be accomplished 
in vitro several requirements, such as capacitated sperm 
cells, morphologically mature oocytes, proper medium and 
refined culture techniques are deemed necessary to in- 
sure subsequent somatic cell division. Furthermore, 
convincing ijn vitro fertilization evidence also must 
be presented to the scientific community. The ultimate 
achievement of in vitro fertilization, however, should 
be the development of healthy offspring from this pro­
cess. Until this success is achieved for each species, 
there will always be numerous questions related to 
this subject area.
The two major participants of fertilization are 
the spermatozoa and the oocyte. However, many biochemical 
steps in addition to the presence of spermatozoa and 
oocytes are necessary for the occurrence of in vivo 
fertilization. It has been established that capacita­
tion is necessary before sperm cells are capable of an 
acrosome reaction. Even though this capacitation 
phenomenon was discovered 30 years ago, unfortunately, 
the biochemical events involved with capacitation are 
still unexplained. Researchers have found various 
agents over the years that will capacitate mammalian 
sperm cells, such as follicular fluid, blood serum, 
uterine fluid, oviductal fluid and albumin. These
1
2studies have fortified the scientific literature with a 
wealth of indirect evidence relating to understanding 
of the capacitation process. Furthermore, identification 
of the steps involved with fusion of the membranes 
around the acrosomal cap following capacitation have 
well been established. However, the physiological 
factors involved in the initiation and completion of 
this process still remain a mystery. In recent years, 
calcium ions have been implicated as one of the unknown 
factors in this fusion process. Although there are 
volumes of scientific literature relating to this sub­
ject area, there are many unidentified, biochemical 
events and unexplained physiological occurrences of the 
mammalian fertilization process.
In the following experiments attempts are made to 
better understand the capacitation process, the acro­
some reaction and fertilization in beef cattle. Hope­
fully, information obtained will help answer some of 
the complex questions still unresolved relating to 
one of nature's most important biological events.
Studying the fertilization process using in vitro 
methods is of key importance to the improvement of 
animal species in the years to come.
LITERATURE REVIEW
It appears that normal fertilization in mammals 
occurs only after mature oocytes encounter 
capacitated spermatozoa. The capacitation phenomenon 
was discovered independently and reported by Austin 
(1951) and Chang (1951), who deemed it an essential 
prerequisite for mammalian fertilization. Since the 
need for sperm capacitation was identified, in vitro 
fertilization has been achieved with the rabbit 
(Brackett and Williams, 1965), rat (Whittingham, 1968; 
Miyamoto and Chang, 1973), mouse (Toyoda et al.( 1971), 
hamster (Bavister, 1969), guinea pig (Yanagimachi, 1972), 
monkey (Gould et al., 1973), human (Bavister et al.,
1969), cat (Hamner et i a l ., 1970; Bowen, 1977), dog 
(Mahi and Yanagimachi, 1976), sheep (Kraemer, 1966) 
and possibly the cow (Brackett et al_. ,
1978).
Before fertilization can be accomplished in vitro 
several requirements are necessary. These prerequisites 
include: (1 ) capacitated spermatozoa, (2 ) mature oocytes,
(3) a defined medium and (4) proper culture techniques, 
followed by evidence of fertilization. The criteria 
generally used as convincing evidence of mammalian 
fertilization are: (1 ) two or more polar bodies in the
perivitelline space (Yanagimachi and Chang, 1964),
3
4(2) two pronuclei within the vitellus (Edwards et al., 
1969), (3) remnants of the sperm flagellum within the 
ooplasm (Bavister et al^, 1969), and (4) absence of 
cortical granules in the vitellus (Austin, 1956;
Szollosi, 1962). In early experiments, cleavage alone was 
used as a positive indication of in vitro fertilization; 
however, cleavage may also be due to spontaneous 
activation or fragmentation of the ovum (Bacsich and 
Wyburn, 1945; Austin, 1950; Chang, 1950; Austin,
1961).
Subsequent to the initial reports by Austin (1951) 
and Chang (1951), capacitation has been described as a 
conditioning process of the sperm cell surface that 
occurs in the female genital tract (Austin, 1967).
The capacitation process then permits the acrosome 
reaction to take place in the immediate vicinity of 
the zona pellucida (Bedford, 1968). With the dis­
appearance of the acrosome, there are multiple fusions 
between the outer acrosomal membrane and the plasma 
membrane (Austin and Bishop, 1958a,b; BarroB et al.,
1967; Bedford, 1967). This reaction occurs only after 
the spermatozoa have attained a capacitated state 
(Yanagimachi, 1969a; Bedford, 1970). Prior to the 
acrosome reaction there is an increase in motility of 
the spermatozoa (Yanagimachi, 1969b), which now 
represents the final phase of sperm cell capacitation
5(Yanagimachi, 1970a). Although the steps in the process 
have been identified, the exact biochemical mechanisms 
involved with capacitation and the acrosome reaction 
in mammals have not been defined.
In early attempts to define suitable conditions 
for in vitro fertilization of mammalian ova, Bavister 
(1969) using the hamster and Iwamatsu and Chang (1971) 
using the mouse have shown that pH of the medium does 
affect in vitro fertilization rate of these species. 
Furthermore, Miyamoto and Chang (1973b) have demon­
strated that hypertonic solutions were more favorable 
for in vitro fertilization than hypotonic solutions. 
Also, sperm capacitation in media with elevated ionic 
strengths (to remove antigenic components and/or de- 
capacitation factors) have been described for mouse 
(Oliphant and Brackett, 1973) and rabbit spermatozoa 
(Brackett and Oliphant, 1975). In contrast, Niwa and 
Chang (1975) have reported questionable capacitation 
results after subjecting rat spermatozoa to a medium 
with high concentrations of NaCl (94.6 to 178.9 mM).
From these observations it is difficult to ascertain 
whether solutions remove decapacitation factors, 
destabilize the sperm membrane, or possibly induce 
other physiological reactions of spermatozoa. ThiB 
very basic question remains unanswered.
6In more recent studies, Yanagimachi (1970) 
demonstrated that albumin could partially replace de­
toxified homologous and heterologous serum in the ~ 
in vitro capacitation of hamster spermatozoa. Further­
more, chemically defined media containing albumin have 
been reported to capacitate spermatozoa of the hamster 
(Bavister, 1969, 1973), and mouse (Toyoda and Chang, 1974a; 
Davis, 1976) . The albonin protein carries an additional source 
of essential fatty acids (Yamane et a_l., 1975) when re­
placing serum in mammalian cell cultures (Fisher et al ., 
1959). However, the significance of serum albumin on 
capacitation or fertilizing ability of spermatozoa has 
not been established.
Small quantities of cholesterol may bind to the 
albumin during sperm capacitation, implicating lipid 
exchange between the sperm plasma membrane and albumin 
in capacitation (Davis, 1975). But when rat ova and 
spermatozoa were incubated in defined medium supple­
mented with albumin (presaturated with cholesterol), 
unmodified serum albumin, or fatty-acid free albumin 
in vitro fertilization rates of 0, 70 and 87%, 
respectively, were recorded (Davis, 1976) . These ob­
servations indicate that albumin-bound lipid can in­
fluence the process of sperm capacitation in the rat.
While albumin supplemented medium was believed to 
support fertilization, other macromolecules (cytochrome-c.
73 -globulin, y-globulin) failed to allow fertilization, 
indicating that the action of albumin on sperm capacita­
tion is more than a nonspecific macromolecular effect. 
High motility was maintained for over 2.5 hr by epi- 
didymal spermatozoa in suspensions (3x10* sperm/ . 1 ml) 
supplemented with 1 0 mg/ml of cytochrome-c, 6 -globulin, 
y-globulin and albumin. In this study, motility of the 
spermatozoa was maintained for even longer intervals 
when Ca++ were decreased from 3.4 to 1.7 mM in the 
medium (Davis, 1976). Although high motility could be 
maintained in a suspension with no additional macro­
molecules, the supplemented albumin or cytochrome-c 
appeared to be necessary for vigorous motility when the 
sperm concentration was between .5 to 1.0x10* cells/ml. 
These concentrations are used for successful in^  vitro 
fertilization experiments with rat oocytes. These 
findings were further substantiated by Hanada and Chang 
(1976), who reported that hamster spermatozoa motility 
was greater and remained motile longer when suspended 
in a medium containing bovine serum albumin (BSA) or 
homologous blood serum.
In an effort to separate a fraction of sperm cells 
rich in human y-spermatozoa, Ericsson et al^ (197 3) 
isolated highly motile human spermatozoa when the semen 
was diluted 1:1 with Tyrode's solution then layered 
over albumin-Tyrode*s solutions of different concentra­
8tions. Four years later, Ericsson (1977) successfully 
froze the isolated fraction of highly motile sperm cells 
from men seeking help for infertility. However, (f of 19 
women who were inseminated with highly motile isolated 
semen (infertile males) during 67 cycles became pregnant 
(Glass and Ericsson, 1978). It was concluded that highly 
motile spermatozoa from infertile men may not be able to 
fertilize an ovum.
Using a modified BSA isolation technique from the 
method of Ericsson (1973), Faust et al. (1976) and 
Illyes et aJ. (1977) separated a highly motile sperm 
population after layering bovine semen over 6 ml of 
6 % BSA in Tyrode's solution (13x125 mm columns) for 1 
hour. In the later study, Illyes et al. (1977) were un­
able to successfully maintain the motility of this 
separated spermatozoa through the freezing process. 
Although the post-thaw motility was decreased over 
control semen, Illyes et al^ . (unpublished data) were 
able to impregnate 7 of 29 beef heifers (24%) with this 
thawed separated semen. In the stallion, Goodeaux and 
Kreider (1978) also isolated a highly motile population 
of spermatozoa following the layering of the semen for 
30 min over 6 ml of 3% BSA in Tyrode's solution (13x125 mm 
columns). Pregnancy rate of the mares (70%) inseminated 
with this isolated sperm fraction was equal to that of 
the control mares. Observations from these preliminary
9experiments tend to indicate that BSA allows the isola­
tion of highly motile populations of both bovine and 
equine spermatozoa.
Yanagimachi (1969b) has indicated that two 
fractions of bovine follicular fluid may be involved in 
capacitation of hamster spermatozoa; one fraction 
having sperm-activating properties and the second 
fraction being responsible for the acrosome reaction.
Since blood serum has similar protein components as 
bovine follicular fluids and female genital tract 
Becretior.s (Caravaglios and Cilotti, 1957; Kunitale 
et al., 1965; Marcus and Saravis, 1965), Barros and 
Garavagno (1970) evaluated different blood sera for 
its ability to induce sperm capacitation and the acrosome 
reaction in hamster spermatozoa. Proportionately, the 
female blood sera elicited better acrosomal reaction- 
inducing properties than the male blood sera, suggesting 
sex-dependent factors on the ability of sera to induce 
an acrosome reaction in the hamster.
Furthermore, Barros and Garravagno (1970) hypothe­
sized that the factor which capacitates spermatozoa 
may be synthesized in a place other than the genital 
tract and subsequently distributed there by the blood circu­
lation. This phenomenon could explain the results of 
Noyes et al. (1958), who reported capacitation of 
rabbit spermatozoa in the colon, bladder, seminal
10
vesicles and anterior chamber of the eye of the female 
rabbit. In light of these observations serum albumin 
may ultimately be the most important component of media 
utilized for in vitro studies (Miyamoto and Chang, 1973c).
Although albumin has been implicated as essential to 
in vitro culturing, early research has also demonstrated 
the importance of calcium for in vitro fertilization. 
Initially, Dan (1954) demonstrated that sea urchin eggs 
do not undergo the acrosome reaction in media which 
was free of calcium. Seventeen years later, Iwamatsu 
and Chang (1971) reported that calcium ions affect in 
vitro capacitation of spermatozoa and fertilization of 
mouse ova in the presence of bovine follicular fluid.
In support of this finding, Yanagimachi and Usui (1974) 
showed that guinea pig spermatozoa failed to fertilize 
ova in calcium-free media. In the latter experiment, 
the guinea pig spermatozoa incubated ( 1 0 hr) in calcium- 
free media underwent capacitation but became arrested 
until the addition of calcium ions, after which the 
acrosome reaction was induced in 3 to 6 minutes. These 
results indicated that the spermatozoa became activated 
with the addition of calcium to the calcium-free media. 
With the addition of calcium ions the spermatozoa beat 
their flagella with vigorous, whiplash movements, 
became free from agglutination with the other sperm 
and subsequently lost the acrosomal cap. When this
11
1 0 - to 16-hr incubation procedure was coupled with the 
addition of ova to the calcium-free media, none of the 
ova were fertilized. However, when calcium was added 
along with the spermatozoa incubated in calcium-free 
media, the spermatozoa underwent activation and the 
acrosome reaction within 10 minutes. Within the next 
2 hr all the ova had been penetrated by sperm and the 
cytoplasm contained swollen sperm heads.
The exact mechanism by which the calcium ions 
triggers the acrosome reaction of capacitated spermatozoa 
has not been elucidated. Yanagimachi and Usui (1974) 
theorized three possible modes of action. First, 
calcium might neutralize fixed charges on both the outer 
surface of the outer acrosomal membrane and the inner 
surface of the plasma membrane to weaken the electro­
static repulsion between these two membranes. This 
would allow closer contact between the two opposing 
membranes, thereby, initiating the events responsible 
for fusion of the membranes. Second, the swelling of 
the acrosomes of capacitated spermatozoa following the 
addition of calcium to calcium-free media suggests that 
the permeability of the membrane is suddenly increased 
by calcium. Possibly the calcium binds to the membrane 
phospholipids and induces changes in the surface 
characteristics to water and cation permeability of the 
membrane (Ohki, 1972). A third possibility is that
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calcium influences membrane bound ATP-ases. In the 
guinea pig a Mg ion-dependent ATP-ase is present on 
both the outer surface of the outer acrosomal membrane 
and the inner surface of the overlying plasma membrane. 
This ATP-ase could hydrolyze ATP in the presence of 
Mg++. This could lead to the speculation that the Ca++ 
could bind to the ATP, expelling the Mg++ from the Mg- 
ATP complex, and inhibiting the ATP-ase activity. In 
support of this assumption, Ca++ (2 to 10 mM CaCl2) does 
block ATP-ase activity (Yanagimachi, unpublished data). 
This might result in a depletion of ATP + ATP-ase- 
mediated energy used in the H 2 0  pumping mechanisms, 
causing an influx of H20 into the acrosome. The swelling 
of the acrosome would bring the outer acrosomal membrane 
close to the plasma membrane, thereby, allowing membrane 
fusion.
Although capacitation and the acrosome reaction 
can be experimentally induced, a definitive cytological 
assay procedure is needed to establish the occurrence 
or inhibition of capacitation and the acrosome reaction 
by either natural or synthetic agents. Most researchers 
measure capacitation and the acrosome reaction by the 
ability of spermatozoa to fertilize ova. This does 
provide an accurate measure, but requires time and adds 
variables to an experiment. Ericsson (1967) described 
a simple method to identify capacitated spermatozoa by a
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fluorometric evaluation. With this procedure semen is 
mixed with tetracycline-HCL (T-HCL), a fluorescent* 
compound (3 mg/ml), in Tyrode's solution at 6 yg/10* 
sperm for 10 min, centrifuged at 2,900 rpm for 10 min 
to remove excess T-HCL and fluids, then resuspended in 
Tyrode's solution for deposition in the reproductive 
tracts of estrual or pseudopregnant does. After a 6 to 
7 hr in vivo incubation, the spermatozoa were recovered 
and checked for fluorescence. The examining microscope 
utilized was fitted with a BG-12 fluorescence filter 
for ultraviolet-blue light and a darkfield condensor.
The results indicated that capacitation was induced in 
the estrual females (no fluorescence) and not in the 
pseudo-pregnant does (bright field fluorescence). These 
observations indicated that if capacitation had occurred, 
the fluorescent T-HCL was removed from the sperm cell; 
however, if the fluorescence persisted, capacitation 
had not resulted in the in vivo system. This fluoro­
metric technique now provides a simplified measurement 
for sperm capacitation.
In contrast to Ericsson's findings, Vaidya et al^ (1969) 
reported that the bound fluorescence (T-HC1) was removed 
fran spermatozoa in the uterus of the estrual doe in one-fifth or less 
of the time required for capacitation in the rabbit. This 
observation led the latter authors to conclude that the 
disappearance of the T-HC1 label on the spermatozoa would
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not be a valid test for capacitation. However, Bedford
(1967) stated that removal of the fluorescent label was 
an initial stage of the capacitation process, suggesting 
a multiple stage process to the capacitation phenomenon.
Bryan and Akruk (1977) later devised a simplified 
staining assay to facilitate quantitative studies of the 
acrosome reaction. A combination of solutions of naphthol 
yellow-S and erythrosin-B stained rabbit acrosomal caps 
cherry-red (apical ridge) to pink (dorsal and ventral 
aspects). The nucleus of the sperm appeared unstained 
or faint yellowish-pink. With this staining technique 
the acrosomes were easily observed when present. This 
procedure only requires 37 min, and moderately dense 
sperm smears can be used which would reduce the number 
of slides to be scored for a given sample. The techniques 
of Ericsson (1967) and Bryan and Akruk (1977) both provide 
a simplified, reliable assay for sperm cell capacitation 
and the acrosome reaction for in vitro studies.
In addition to obtaining capacitated spermatozoa, 
morphologically normal oocytes must also be recovered 
for in vitro fertilization experiments. In vitro 
maturation of oocytes has been described for the mouse 
(Iwamatsu and Chang, 1971), guinea pig (Yanagimachi,
1972), rat (Niwa and Chang, 1975b; Niwa et al ., 1976), 
pig (Motlik and Fulka, 1974), sheep (Edwards, 1965), 
cow (Edwards, 1965; Hunter et al^, 1972), monkey
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(Edwards, 1965) and human (Edwards, 1965; Edwards et 
al., 1969). However, most experiments revealed that 
the subsequent fertility of oocytes cultivated ija vitro 
starting from the germinal vesicle stage was low. In 
contrast, the subsequent fertility of oocytes cultivated 
from Metaphase-I was almost comparable with naturally 
maturing germ cells.
A great variety of culture media has been employed 
in an attempt to cultivate the ova for in vitro fertiliza­
tion of various mammalian species. Laboratory animal 
studies have provided the framework for establishing 
suitable culture media for rodent ova development 
through fertilization.
Chang (1959) demonstrated that rabbit ova incubated 
with capacitated spermatozoa in Krebs-Ringer bicarbonate 
solution (plus glucose) could be fertilized in vitro 
(2 1 %), although the addition of acidic saline containing 
heated rabbit serum and glucose enhanced the fertiliza­
tion rate (57%) . Brackett and Williams (1965) obtained 
a 73% successful in vitro fertilization rate when . 6 to
2 . 0  ml of fresh rabbit uterine fluid was recovered with 
the capacitated spermatozoa and incubated in a defined 
medium. When tubal fluid was used to cultivate rabbit 
ova with capacitated spermatozoa, Suzuki and Mastroianni
(1965) successfully fertilized 63.7% of 79 ova in vitro.
A year later, Suzuki (1966) reported development in 21.5%
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of 65 in vitro fertilized ova to a minimum of 16 cells 
in medium 199 (90%) and rabbit serum (10%) containing
1.0 mg/ml lactic acid. Further experiments by Suzuki 
(1966) showed that biological fluids of unknown composi­
tion could be eliminated from the fertilization medium.
In an attempt to provide a suitable defined medium for 
rabbit in vitro fertilization, Brackett and Williams
(1966) substituted crystalline bovine albumin for serum 
in the medium along with sodium bicarbonate to maintain 
the optimal pH of 7.8. A high rate of rabbit ova 
fertilization (mean of 65%) was consistently observed in 
this defined medium. Seitz et^  al^ . (1970) also obtained 
a high in vitro fertilization rate (81%) in rabbits using 
the defined synthetic medium of Brackett and Williams
(1968) supplemented with 20% heat-inactivated rabbit 
serum.
Yanagimachi and Chang (196 3) were the first to 
fertilize rodent ova in vitro in Tyrode's solution under 
paraffin oil. Furthermore, Barros and Austin (1967a,b) 
demonstrated a respectable iri vitro fertilization rate 
with unwashed hamster ova (49%) than with ova in which 
the tubal fluids had been removed (4.6%). In vitro 
fertilization of hamster ova has also been reported in 
the presence of follicular fluid (Barros and Austin,
1967c) or homologous blood serum of the mouse (Miyamoto 
and Chang, 1972, 1973). Although lower fertilization rates
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were obtained in the hamster, Bavister (1969) demonstrated 
that in vitro fertilization could be achieved in a 
chemically defined medium (modified Tyrode's solution 
containing BSA) without addition of any biological 
fluids.
In the guinea pig, in vitro fertilization in 
chemically defined media has clearly been demonstrated. 
Successful penetration of spermatozoa has been accomplished 
with either Biggers Medium (BWW) (Biggers et al., 1971) 
or in Hank's TCM-199 supplemented with two parts of heat- 
inactivated fetal calf serum and NaHC03 (2 mg/ml), K- 
penicillin-G (100 units/ml) and streptomycin sulphate 
(50 yg/ml) (Yanagimachi, 1972, 1974b). Bowen (1977) 
also described in vitro fertilization of feline ova with 
BWW or modified Ham's F-10 described by Seidel et al*
(1976).
The trend toward providing defined conditions for 
in vitro culture has led researchers to examine the 
effects of various energy sources on sperm capacitation, 
the acrosome reaction and fertilization. Probably the 
best medium for mouse sperm capacitation and fertiliza­
tion has been reported to contain albumin, lactate and 
pyruvate (Miyamoto and Chang, 1973c). Pyruvate added to 
the sperm medium increased the percentage of motile 
mouse spermatozoa lacking acrosomes and the percentage 
of penetrated ova. Further support for these findings
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was provided by Toyoda and Chang (1974). Lactate was 
omitted from their medium (modified Krebs-Ringer bi­
carbonate solution, supplemented with glucose, sodium 
pyruvate, sodium lactate, BSA and antibiotics) which 
caused a significant reduction in the percentage (26.3 
vs 89.6%) of penetrated rat ova.
Rogers and Yanagimachi (1975) also studied the 
effects of various sperm energy sources on capacitation 
as indicated by the occurrence of an acrosome reaction. 
Glucose added to the media was found to retard the 
initiation of the acrosome reaction by preventing 
capacitation of guinea pig spermatozoa. In contrast, 
media containing pyruvate or pyruvate plus lactate, as 
energy sources, induced the earliest acrosome reaction 
in vitro. Glucose retarded the acrosome reaction even 
if pyruvate and lactate were present in the media.
These findings indicate that the metabolism of pyruvate 
or lactate is necessary for the acrosome reaction.
The presence of a high concentration of glucose (or 
other metabolizable sugars) in vivo which exist in semen 
(Frenkel et al^, 1975) and in the uterus (Lutwak-Mann,
1962) may extend or delay initiation of the acrosome 
reaction. In addition, uterine tube fluids are 
highly concentrated with lactic acid and pyruvic acid 
(Holmdahl and Mastroianni, 1965) which may be conducive 
to an acrosome reaction which occurs near the site of
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fertilization. Rogers and Yanagimachi (1975) suggested 
that glucose could possibly be interrupting the membrane 
function which is characteristic of the acrosome reaction 
or interfering with the Ca++ pumping mechanism which is 
necessary for the acrosome reaction (Yanagimachi and 
Usui, 1974).
Most in vitro culture research in the large 
domestic animals has not sufficiently advanced to en­
tirely eliminate biological fluids from the culturing 
systems. Motlik and Fulka (1974) cultured pig follicular 
oocytes from the germinal vesicle, diakinesis and 
Metaphase-I stages in the medium of Pavlok and McLaren 
(1972). However, in their system the freeze-dried BSA 
was replaced with 30 mg/ml of calf serum protein. This 
culture medium did allow maturation of the nuclear 
components. Unfortunately normal development of cyto­
plasm components did not occur in oocytes in the initial 
growth stages.
Using sheep as donors, Kraemer (1966) reported that 
four of 23 ovine ova (14%) showed evidence of fertiliza­
tion in Krebs-Ringer bicarbonate solution plus sodium 
lactate, sodium pyruvate, bovine albumin, penicillin 
and streptomycin. However, no cleavage was obtained 
utilizing this medium. In bovine studies, Hunter et^  
al. (1972) used a 1:1 mixture of Tyrode's solution and 
homologous follicular fluid to cultivate ovarian oocytes.
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This media only supported maturation to Metaphase-I. 
Correspondingly, Edwards (1965) successfully induced 
oocyte maturation of the cow, sheep and pig to Meta- 
phase-II using various media which included: Weymouth1s
Medium MB 752/1; TCM-199, or Hank's saline supplemented 
with calf serum, antibiotics and bicarbonate buffer. 
Partial in vitro fertilization has been reported in 
cattle using Krebs-Ringer bicarbonate solution supple­
mented with 1 mg glucose/ml, 5.5 mg sodium pyruvate/100 
ml, 241.9 mg sodium lactate/100 ml, 4 mg crystalline 
BSA/ml, 50 vg streptomycin/ml and 100 IU per.ici llin/ml 
(Iritani and Niwa, 1977). However, this culture system 
did not support in vitro capacitation of bovine sperma­
tozoa.
In addition to a properly defined culture mediizn con­
tributing a major role in in vitro fertilization, sperm 
concentration may also be of importance. Various sperm 
cell concentrations which have been used in successful 
in vitro fertilization in the mouse 15 to 30x105/ml 
(Kaufman, 1973), 10 to 50xl05/ml (Miyamoto and Chang,
1972) , 3 to 20xl05/ml (Miyamoto et al^ . , 1974) and 20 to 
60xl0*/ml (Pavlok and McLaren, 1972). Fraser and Drury
(1975) have evaluated various concentrations and 
established optimal sperm concentrations for fertilization 
in vitro of mouse ova. Mediocre fertilization rates 
(43 to 64%) resulted with low sperm concentrations (.3
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to 1.25x105/ml), while sperm cell concentrations of 
2.5 to 90xl0s/ml gave fertilization rates of 80 to 
94%. In this study higher concentrations (30 to 90x10s/ 
ml) consistently resulted in high fertilization rates, 
with no evidence of reduced fertility. Wolf and Inoue
(1976) also reported a low fertilization rate (14.6%) 
in mice when the sperm concentrations were low (2 x 1 0 s 
cells/ml). In contrast, higher concentrations did 
result in adverse effects since sperm concentrations of 
15 to 30x105/ml increased mouse ova fertilization 
in vitro over in vivo levels (Fraser and Drury, 1976).
In the rabbit, Brackett (1969) and Fraser and 
Dandekar (unpublished data) demonstrated no obvious 
correlation between sperm concentration and i^ n vitro 
fertilization rates. However, the experiments were not 
specifically designed to study this relationship.
Talbot et al. (1974) have shown that the highest per­
centage of acrosome reactions and ova penetrations did 
occur in a variety of heat-pretreated blood sera when 
sperm concentrations ranged between . 6 to 6 x 1 0 7/ml in 
the hamster. In contrast, Niwa and Chang (1973, 1974a) 
reported poor fertilization rates with rat ova with 
sperm concentrations of 18 to 37xl05/ml and better 
success with lower sperm concentrations (7 to 15x105/ml).
Thompson et al^ . (1974) have concluded that a sperma­
tozoa: ovum ratio of 1 : 1  was optimal for in vivo
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fertilization in the mouse uterine tube. Conversely, 
Fraser and Drury (1975) have obtained the highest in 
vitro fertilization rates with rat ova when the sperma­
tozoa: ovum ratio was 115,000:1. The lowest mouse sperm 
concentration which gave a significant level of 
fertilization in the latter study was a mean of 417 
sperm/ovum, Tsunoda and Chang (1975) also reported a 
ratio of 100 to 840 sperm/ova was necessary for a >30% 
fertilization rate. Niwa and Chang (1974a) have 
indicated that a minimum of 3,000 to 6,000 spermatoza/ 
ovum were needed to achieve fertilization of rat ova.
In the only successful claim of complete ill vitro 
fertilization with bovine ova, the exact sperm concentra­
tions were not disclosed (Brackett et al., 1978).
Although the factors already mentioned are indeed 
important for successful in vitro fertilization, in 
vitro culturing requires complete control of the medium 
environment. The primary characteristics of a controlled 
environment for a culture system include: temperature,
humidity and gas composition. The effects of temperature 
on the in vitro development of mammalian ova and embryos 
have received little attention. Alliston (1965) reported 
that rabbit embryos cultivated at 40C for 6 hr did not 
develop as well when transferred into foster mothers as 
embryos cultivated at 37C and transplanted. In sub­
sequent studies, unfertilized mouse and hamster ova
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have been frozen and fertilized post-thaw (Tsunoda et^  
al., 1976) and stored at low temperatures (-79 to -269C), 
but development appeared to be arrested during storage 
(Chang, 1948; Ferdows et al., 1958; Hafez, 1963; 
Whittingham, 1971; Whittingham et al., 1972; Wilmut,
1972; Bank and Maurer, 1973; Maurer and Bank, 1973;
Wilmut and Rowson, 1973). Also, short periods of ex­
posure to room temperature has been shown to be unharmful 
to cattle ova (Hunter et al., 1972; Sreenan, 1970;
Iritani and Niwa, 1977). Although embryos can apparently 
survive controlled temperature changes, with in vitro 
fertilization culture systems, optimal results will 
likely be with ova maintained at 37C (Brinster, 1969).
The relative humidity of the atmosphere is not 
important when the culture medium is covered with mineral 
oil. The oil is said to prevent evaporation and changes 
in the osmotic pressure of the culture medium. Poor 
development of mouse embryos resulted when the osmotic 
pressure of the culture medium was greater than that 
found in homologous blood serum (Brinster, 1965).
The gas composition of the culture atmosphere 
usually has three major components: nitrogen (Nj),
oxygen (02) and carbon dioxide (C02). Whitten (1956) 
reported that development of mouse embryos was arrested 
in 5% C0 2 in 95% oxygen, but that development did occur in 
an atmosphere of 5% C0 2 in air or nitrogen. Since this
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report, researchers generally have concurred that the 
media for ova or embryo development should be equilibrated 
with either 5% C0 2 in air (Brinster, 196 3; Mintz, 1967; 
Brackett and Williams, 1968; Niwa and Chang, 1973;
Hanada and Chang, 1976; Wolf and Inoue, 1976) or 5% 0 2 ,
5% C0 2 and 90% N 2 (Fraser and Drury, 1975; Tervit et al., 
1972; Shea et al^, 1974; Wright et al_., 1976). The 
development of bovine embryos was enhanced by an 
atmosphere of 5% C02, 5% 0 2 and 90% N 2 over the gas 
mixture of 5% C02 in air (Tervit et al., 1972; Wright 
et al., 1976)-. However, Iritani and Niwa (1977) recently 
reported partial in vitro fertilization of bovine oocytes 
in 5% CO 2 in air. In contrast to these findings, in 
vitro fertilization in the rabbit (Fraser and Dandekar, 
1973a) and the culture of one-cell rabbit ova through 
the blastocyst stage (Ogawa et a K , 1971) have been 
accomplished in the absence of supplemental C0 2 in the 
atmospheric conditions.
From the results presented to date, fertilization 
can be accomplished in vitro with laboratory animals if 
a mature oocyte and capacitated spermatozoa are incubated 
in a suitable medium under the proper culture conditions. 
However, the techniques for in vitro fertilization in 
domestic animals and primates are not as highly 
refined as those reported for laboratory animals.
25
Feline ova have been successfully fertilized in 
vitro (60%) utilizing sperm which were capacitated in 
utero (Hamner et al^ , 1970). Seven years later, Bowen
(1977) demonstrated a complete iii vitro system for 
feline in vitro fertilization. Ova were collected by 
ovariohysterectomy and cultured with spermatozoa which 
had been obtained from the ductus deferens. Fertiliza­
tion rates of 78 and 81% were achieved in BWW (Biggers 
et al., 1971) and modified Ham's F-10 (Seidel et al», 
1976), respectively. Mahi and Yanagimachi (1976) have 
also reported sperm penetration and the swelling of 
sperm heads in canine ova in a completely in vitro 
culture system.
Gould et al. (1973) were the first to obtain in 
vitro cleavage of squirrel monkey (Saimiri sclureus) 
follicular ova when cultured with ejaculated spermatozoa. 
In a subsequent study with squirrel monkeys, ova matured 
in vitro have been fertilized by ejaculated sperm 
(Kuehl and Dukelow, 197 5). However, when these ova 
were transferred to foster mothers, no fetuses developed.
Research pertinent to in vitro fertilization of 
human oocytes and spermatozoa has not been as refined 
as the experiments reported for laboratory animals. The 
first in vitro fertilization and cleavage of human 
follicular ova was reported by Rock and Menkin (1944). 
Since the initial report, Edwards et al. (1966, 1969,
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1970) have reported successful in^  vitro fertilization 
of human ova using Tyrode's solution with glucose, 
pyruvate and crystalline bovine albumin (2.5 mg/ml) and 
Ham's F-10 with 20% fetal calf serum. Jacobson et al.
(1970) also reported success with 17 of 30 (57%) human 
ova cleaving to 2 or 4-cell stages in a medium of Hank's 
balanced salt solution plus 2 0 % fetal calf serum and 
5% human follicular fluid in the culture medium.
In the United States, Soupart and Morgenstern (1973) 
supplemented various gonadotropins (menotropins, 75IU 
of FSH and 7 5IU of LH or 5000IU of human chorionic 
gonadotropin)and heparin-penicillin-G streptomycin 
(HPS) to Bavister's defined medium system for in vitro 
culture of human ova. The exogenous hormones increased 
(P<.01) the sperm penetrating ability of the ova, which 
indicates that hormone preconditioning might be needed 
before human spermatozoa could penetrate follicular ova. 
Although 28 of 42 ova (67%) were penetrated with the 
addition of the gonadotropins, only one oocyte was 
reported to have been fertilized.
In an attempt to enable infertile couples to have 
children, Lopata et el. (1978) have developed a program 
for in vitro fertilization of human ova and subsequent 
transfer of the cultured embryos into the uteri of 
women with occluded fallopian tubes. Women in the 
program were administered clomiphene citrate for 5 days
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followed by human chorionic gonadotropin (HCG). Following 
stimulation ovarian follicles of the women were aspirated 
during laparoscopy or laporotomy. A total of 16 of 33 
ova (48%) were shown to have morphologic criteria of 
fertilization. Of the 16 "fertilized” ova, only five 
cleaved in culture and three (8 -cell ova) were transferred 
into the uteri of three donor women. Two of these 
women experienced a transient increase in urinary HCG 
which may have originated from the transferred embryos.
Investigations of in vitro fertilization techniques 
for farm animals have been slow in developing, even after the 
scientific reports of successful in vitro fertilization 
with laboratory animals and primates. Kraemer (1966) 
could only provide presumptive evidence of in vitro 
fertilization in sheep. Four of 23 ova (17%) formed a 
second polar body, with only one ova (4,3%) possibly 
containing two pronuclei.
In cattle, Sreenan (1970) attempted in vitro 
fertilization using 107 oocytes matured in bovine 
follicular fluid or in the "growth medium' reported by 
Harnden and Brunton (1965) . The results were negative.
In a subsequent report, Baker and Polge (1976) were also 
unsuccessful in observing sperm penetration into bovine 
follicular oocytes.
Von Bregulla et al. (1974) did report cleavage of 
bovine follicular ova in Ringer's solution or TCM-199
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with 10% fetal calf serum. However, the culture system 
was not completely in vitro since the spermatozoa had 
been incubated in utero♦ Subsequently, Iritani and 
Niwa (1977) also matured follicular oocytes iri vitro 
and with spermatozoa capacitated (3 to 4 hr) in an 
isolated genital tract of an estrual cow or a stimulated 
doe. Fertilization rate was 20.7% for those oocytes 
cultured.
To date, the only completely in vitro culture 
system for fertilization of cattle ova has been described 
by Brackett et a_l. (1978). In three experiments, 14 
of the 25 collected ova (56%) from anesthesized cows 
were believed to be fertilized by spermatozoa which had 
been incubated for 1 0 min in a high ionic strength 
solution (380 mOsm). These ova were obtained from either 
follicles or the uterine tube near the time of ovula­
tion. Electron micrographs revealed the loss of cortical 
granules in some of the ova, which would indicate 
fertilization.
With all the evidence provided for in vitro 
fertilization systems for laboratory animals and 
primates and with the development of proper culture 
techniques, a simple and completely in vitro fertiliza­
tion system in the farm animals appears plausible.
CHAPTER I
THE EFFECTS OF BSA AND CALCIUM ON IN VITRO 
CAPACITATION OF BOVINE SPERMATOZOA
Introduction
The initial discovery of sperm cell capacitation 
was published simultaneously by Austin (1951) and Chang 
(1951). This phenomenon was described by Austin (1967) 
as the physiological conditioning of the sperm surface 
which occurs in the genital tract of the female.
Bedford (1968) has shown that the capacitation process 
then permits the acrosome reaction to occur in the 
immediate vicinity of the zona pellucida. Furthermore, 
the acrosome reaction has been reported by Yanagimachi 
(1969b) to be accompanied by increased motility of the 
spermatozoa which now has been established to be the 
final phase of sperm cell capacitation (Yanagimachi, 
1970a).
The factor or factors responsible for capacitation 
and the acrosome reaction have been intensively studied 
in laboratory animals. Yanagimachi (1969b) has reported
two different fractions of bovine follicular fluid to be 
involved in the activation and acrosome reaction of 
hamster spermatozoa. Furthermore, high molecular weight 
substances in blood serum, likely associated with the 
albumin fraction, have been reported capable of inducing
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capacitation in the hamster and mouse (Yanagimachi,
1970b; Toyoda et al., 1971a; Miyamoto and Chang, 1973c). 
In a subsequent study, Lui et al^ (1977) isolated the 
fraction of bovine follicular fluid responsible for the 
in vitro acrosome reaction of hamster spermatozoa. A 
highly purified preparation of serum albumin was 
identified in this study as the causative inducing agent 
following disc-gel electrophoresis and immunoelectro- 
phoresis.
In addition to the involvement of albumin in 
capacitation and the acrosome reaction, calcium ions have 
also been associated with these two phenomena. Early 
studies by Dan (19 54) demonstrated that sea urchin eggs 
do not undergo the acrosome reaction in media free of 
calcium. Seventeen years later, Iwamatsu and Chang
(1971) reported that calcium ions affect capacitation 
of spermatozoa and in vitro fertilization of mouse ova 
in the presence of bovine follicular fluid. In support 
of this work, Yanagimachi and Usui (1947) showed that 
guinea pig spermatozoa failed to fertilize ova in 
calcium-free media. Guinea pig sperm cells incubated 
in calcium-free media underwent capacitation but became 
arrested until the addition of calcium ions which then 
induced the acrosome reaction in 3 to 6 minutes. 
Furthermore, in vitro activation of the spermatozoa 
was shown following the addition of calcium to the
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calcium-free medium. The most recent evidence of 
calcium dependence has been reported by Byrd et al.
(1979), who showed that calcium was a requirement for 
in vitro capacitation of bovine spermatozoa in 6 % BSA 
medium.
In spite of the fact that iri vitro capacitation 
has been clearly demonstrated in the mouse (Iwamatsu 
and Chang, 1970? Miyamoto and Chang, 1973c), rat 
(Davis, 1975), guinea pig (Barros et a K , 1973), hamster 
(Barros and Garavagno, 1970; Bavister, 1973) and rabbit 
(Brackett and Oliphant, 1975), the first completely in 
vitro capacitation procedure for bovine spermatozoa has 
been recently reported by Brackett et ajU (1978). The 
only information available from this paper indicates 
that a high ionic strength medium was utilized.
The primary objective of the following experiments 
is to provide a reliable technique for in vitro 
capacitation of bovine sperm cells.
MATERIALS AND METHODS
Experimental Animals. Ejaculates from mature, 
fertile dairy bulls (818 to 1136 kg) from the Louisiana 
State University Dairy Improvement Center (DIC) were 
collected by means of the artificial vagina in accordance 
with routine commercial practices. The experimental 
bulls (three Holstein and two Jerseys) used in this trial 
were housed under semi-confinement conditions and 
maintained on grass hays and a grain ration containing 
14% protein.
Evaluation of Semen. Immediately after collection, 
semen was placed in a 38C water bath and a Klett- 
Summerson photoelectric colorimeter was utilized to deter­
mine the sperm cell concentration per ml of the ejaculate 
according to routine laboratory practices at LSU DIC.
After a 30 to 60 min transport interval to the laboratory, 
ejaculates were evaluated for percentage of progressive 
motility and progressive rate (0 to 4).
Experiment I. A total of 42 ejaculates in two 
separate trials (28 and 14 ejaculates) from five dairy 
bulls were evaluated for fluorescence and intact acro- 
somes according to the methods of Ericsson (1967) and
Bryan and Akruk (1977), respectively. In these trials
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two different lots of BSA^, from the same company, were
used in media preparation. The results of these two
trials were then evaluated separately to compare lot
effect on fluorescence and acrosome retention.
After ejaculates were evaluated for progressive
motility, progressive rate and percentage of intact
acrosomes, 1 ml of raw semen was diluted in a solution
2
(3 mg/ml) of tetracycline hydrochloride (T-HCL) dissolved
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in Tyrode's solution (TiX) (pH 7.3) to a final concentration of 
6 pg T-HC1/10® sperm cells (figure 1). The pH of the 
TjX solution was adjusted with 1% Tris4 buffer. After 
10 min incubation in a water bath (38C), 1,600x10® sperm 
cells from the semen-T-HCl mixture were further diluted 
with TjX to a total volume of 16 ml (final concentration 
of 100x10® sperm cells/ml). Progressive motility, 
progressive rate, fluorescence and percentage of intact 
acrosomes were also evaluated at this time.
Following the sperm cell evaluations, the spermato­
zoa were allotted to the respective treatments in 13x125 
mm graduated test tubes at 23C as described in table 1. 
After 1 hr of incubation, all treatment groups were 
centrifuged (3,000 rpm for 3 min) and the supernate 
discarded. The sperm cells were resuspended in 1%
^Albumin, Bovine, No. A-4876, Sigma Chemical Co., St. 
Louis, MO. Lot No. 105C-0058 and Lot No. 105C-00581. 
2polyotic, American Cyanamid Co., Princeton, NJ.
3t c  Tyrode Solution 10X, No. 5555-72, DIFCO Labora­
tories, Detroit, MI.
Tham, T-395, Fisher Scientific Co., Fair Lawn, NJ.
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Figure 1. The experimental design for Experiment I.
TABLE 1. EXPERIMENTAL DESIGN FOR GROUPS IN EXPERIMENT I.
Trt
group Treatment
Separa­
tion 
after 1 
hr
Separation
layers
Incubation
media Separa­tion 
cone/ 
column 
(xlO6)
Suspended 
cone/ 
column 
(xlO6)
6 ml 
of 6 % 
BSA
6 ml
of
T,X
Trt A Raw semen - - - - - -
Trt B Raw semen — - - - -
in T-HC1
Trt C BSA column 1 + a. Top semen + - 2 0 0 -
layer
b. Upper BSA + — - -
c. Lower BSA + — - -
Trt D BSA column 2 + a. Top semen + - 2 0 0 -
layer
b. Upper BSA + — — -
c. Lower BSA + — — —
Trt E BSA - - + - - 2 0 0
Trt F BSA - - + - - 1 0 0
Trt G BSA - - + - - 50
Trt H T,X - - - + - 2 0 0
Trt I TjX - - - + - 1 0 0
Trt J TiX - - - + - 50
U1
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formaldehyde in distilled water for further evaluation.
Sperm fluorescence was determined at 3,000 magnifica­
tion with a Olympus BH microscope equipped with a SH-RFL 
mounted mercury vapor illuminator. After agitating the 
fixed sperm cells, a sample from each treatment group 
was aspirated and a drop of the sperm suspension placed 
on a slide. At least seven separate fields of fixed 
sperm cells were viewed on every sample before the amount 
of fluorescence was rated 1 to 5 as described in table 2.
Subsequently, a second slide of the treatment 
groups was prepared for determination of the percentage 
intact acrosomes according to the methods of Bryan and 
Akruk (1977). Pre-coated slides (1% protamine) were 
covered with a thin layer of treated sperm cells and 
air dried at room temperature. The slides were then
e
stained in .1 % naphthol yellow-S in 1 % acetic acid (30 
min), blotted with paper towels, rinsed in 1 % aqueous 
acetic acid (10 to 15 sec), drained and stained (7 min) 
in a solution (1:1) of .2% of aqueous naphthol yellow-S 
and .2% aqueous erythrosin-B® which had been previously 
adjusted to a pH of 4.6 with acetic acid. Finally, the 
stained slides were rinsed in distilled water (pH 4.6 to 
5.0), blotted and allowed to air dry. Due to the buildup
5Naphthol Yellow-S, Lot No. .48-4, Cat. No. 2764, 
Polysciences, Inc., Warrington, PA.
®Erythrosin-B, Lot No. 2573, Cat. No. 2741, Poly­
sciences, Inc., Warrington, PA.
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TABLE 2. DESCRIPTION OF THE FLUORESCENCE RATING
IN EXPERIMENT I.
Fluorescence 
no.
Amount of 
fluorescence
Description of 
fluorescence
5 Bright Head, midpiece and 
tail fluorescence
4 Moderately bright Head and midpiece 
fluorescence
3 Weak Head and midpiece 
fluoresced slightly
2 Faint Cells fluoresced 1 to 
2 sec before quenched
1 No fluorescence Fluorescence absent
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of the BSA, the slides were rinsed (3 to 5 min) in 
xylene before viewing under the microscope. The apical 
ridge of the acrosomal cap was a darker cherry-red than 
the rest of the sperm head. However, if the acrosome 
was lost the sperm nucleus was almost completely lacking 
in color.
One-hundred sperm cells per slide were counted 
under 1 , 0 0 0  magnification to determine the percent in­
tact acrosomes of each treatment sample.
Experiment II. A total of 20 ejaculates, four 
(one ejaculate/week) from each of five bulls (three 
Holstein, one Brahman and one Jersey) were utilized in 
this experiment. The bulls were maintained under the same 
conditions at DIC and semen was collected by methods 
previously described in Experiment I.
After collection of the raw semen, the same 
laboratory practices for evaluating the concentration/ml 
of sperm cells were used as previously described.
Following a 30 minute transport interval to the laboratory, 
the spermatozoa were maintained in a water bath (38C) 
during the entire course of the experiment.
As shown in figure 2, 400x106 sperm cells were 
diluted in 4 ml (100x10* cells/ml) of either TjX (pH 7.3) 
minus calcium chloride (TjX-Ca++) or TiX plus 3 mM of 
calcium chloride (TiX+Ca++). After mixing the sperm 
cell suspension, each sample (4 ml) was equally divided
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Figure 2. The experimental design of Experiment II.
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(2x2 ml) and washed in 5 ml of either TiX+Ca++ or 
TiX-Ca (total of 200x10 spermatozoa in 7 ml/treatment 
group) in 13x125 mm graduated test tubes. During a 10 
min incubation, the progressive rate, progressive 
motility and percentage of intact acrosomes were evaluated. 
Nomarsky differential interference optics were used to 
determine the percentage of intact acrosomes.
Following the incubation, each of the four samples 
were centrifuged at 3,000 rpm for 10 min and the super- 
nate discarded. The sperm cells were resuspended in 2 ml 
of treatment media as described in table 3. At the end 
of 4 hr in culture, the treatment groups were reevaluated 
for progressive rate, progressive motility and percentage 
of intact acrosomes. The spermatozoa were then centri­
fuged, the supernate aspirated, and each treatment group 
of sperm cells resuspended in 5 ml of TiX+Ca++. Sampling 
(1 ml aspirated per sampling time and the cells im­
mobilized with 1 drop of 37% formaldehyde) occurred at 
10, 30, 60, 90 and 120 min after the 4 hr incubation to 
determine the percentage of intact acrosomes.
Statistical Analysis. Data were examined 
statistically using analysis of variance and means for 
the fluorescence and intact acrosomes of the spermatozoa 
in Experiment I were compared according to Duncan's 
multiple range procedure (Steel and Torrie, 1960). In 
Experiment II, the analysis of variance and orthogonal
TABLE 3. EXPERIMENTAL DESIGN FOR TREATMENT GROUPS IN EXPERIMENT II.
Treatment
group
Presence 
of Ca 
before 
treatment
Treatment
media
Presence of 
Ca++ during 
treatment
Presence of 
Ca++ after 
treatment
Sampling time 
( 1 0 to 1 2 0  min 
after 4 hr incubation)
Treatment A + TjX + + +
Treatment B + 3% BSAa + + +
Treatment C - T!X - + +
Treatment D - 3% BSA - + +
aAlbumin, Bovine, No. A-4378, crystallized and lyophilized, 1 to 3% globulins, 
Sigma Chemical Co., St. Louis, MO.
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comparisons were utilized to compare the means for 
intact acrosomes (Steel and Torrie, 1960).
RESULTS AND DISCUSSION
Experiment I . A summary of semen characteristics
for ejaculates used during Experiment I are shown in
table 4. The progressive motility declined (P<.01)
following the addition of T-HC1 to the ejaculates from
7a mean of 38.5±3.4 for initial motility to an average 
value of 33.4+2.6 post-treatment. These data are not 
in agreement with those of Ericsson (1967), who concluded 
that T-HCl treatment does not alter overall motility of 
spermatozoa. In the present experiment, the T-HCl 
dissolved in TiX solution was acidic in nature and 
appeared to be detrimental to sperm survival. For this 
reason the medium was neutralized to a pH of 7.3 with 
1% Tris buffer before the addition of the spermatozoa.
It was noted during the 10 min T-HCl incubation period 
that the sperm cells reacted adversely, but resumed 
near pretreatment motility when the T-HCl agent was 
diluted in the semen pool.
A. Fluorescence. The effects of the BSA and TiX 
solution on the fluorescence of the spermatozoa are 
shown in figure 3. The raw semen treated with T-HCl 
(Treatment B) had the greatest fluorescence (4.1±.3) 
while the upper and lower BSA layers and the raw semen 
showed virtually no fluorescence (1 .0 ±.2 ).
7
Mean ± standard deviation.
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TABLE 4. SEMEN CHARACTERISTICS FOR EJACULATES USED
IN EXPERIMENT I.
Item Units
Bulls 5
No. ejaculates/trial
Trial 1 28
Trial 2 14
Avg volume/ejaculate (ml) 6.2±2.3
Avg semen concentration/ml
Trial 1 1,606x10*
Trial 2 1,573x10*
n
Avg % initial progressive motility 38.5+3.4
Avg % motility following THC1 trt 33 .4±2.6
Raw semen fluorescence 1 .0 1 0 . 0
Raw semen % intact acrosomes 95.8+4.0
aMean ± standard deviation .
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Figure 3. Effect of BSA and TiX on the mean fluorescence of spermatozoa in Trials 
1 and 2 combined. Means with same letter are not significantly different.
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When comparisons were made between the pooled 
BSA (Cb, Cc, Db, Dc, E, F and G) and pooled TtX treat­
ments (Ca, Da, H, X and J) , the combined BSA treatments 
fluoresced less (P<*01) than the pooled TiX treatments* 
Furthermore, during the 1 hr incubation period, the 6%
BSA was very effective in removing the bound T-HCl to
at least a faint level in the combined BSA treatments
(Cb, Cc, Db, Dc, E, F and G) . However, layering the
semen over the 6 ml of 6% BSA (Cb, Cc, Db and Dc) was
the most effective treatment for completely removing 
the fluorescence.
Since the sperm cells separated by the BSA layering 
technique may have lost their fluorescence due to a 
simple dilution effect, the BSA (E, F and G) and T*X 
treatments (H, I and J) with decreasing sperm concentra­
tion of 200, 100 and 50xl06 sperm cells were incorporated 
in this experiment to test this possibility. There was 
a decline (P<.05) in fluorescence in both the BSA 
(E>F>G) and T tX treatments (H>I>J). However, TiX 
treatments (H, I and J) were incapable of complete re­
moval of the fluorescence, indicating that the ability 
of the BSA treatments (E, F and G) to remove the bound 
T-HCl from the sperm cells was more than a simple dilution 
effect*
Byrd et al. (1979) also reported complete removal 
of the fluorescence from bovine spermatozoa within 25 min 
when mixed with 6% BSA and evaluated with a spectro-
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fluorometer. These observations are important since 
Ericsson (1967) has reported that T-HCl labelled bull 
spermatozoa lost fluorescence when placed in the uterus 
of an estrual cow but retained fluorescence in the 
tracts of cows with a functional corpus luteum or in 
ovariectomized heifers. Other researchers utilizing 
the fluorescent capacitation technique found that 
labelled sperm cells placed in the oviducts of Rhesus 
monkeys lost fluorescence suggesting capacitation 
(Dukelow and Chernoff, 1968). Therefore, the loss of 
fluorescence following T-HCl treatment is perhaps an effective 
means of monitoring capacitation of spermatozoa.
It has been established that sperm cell capacitation 
in the estrous rabbit oviduct requires approximately 
10 hr (Adams and Chang, 1962a; Dukelow et al_., 1967). 
However, Ericsson (1967) has reported the removal of 
fluorescence from spermatozoa under the same conditions 
in 6 to 7 hours indicating that the interval required 
for capacitation in the estrous rabbit was less than 1 0  
hours, Vaidya et al_. (1969) have also shown that removal 
of the T-HCl fluorescence from sperm cells required only 
one-fifth of the reported time for capacitation in the 
rabbit. These results suggested that perhaps the T-HCl 
removal from the sperm cells was not a total capacitation, 
but rather only an initial phase of capacitation or that 
capacitation does occur in less than 1 0  hr in the rabbit.
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A controversy over the exact mechanism involved in 
capacitation has led researchers to seek new and more 
definitive techniques for the ultrastructural study of 
sperm cells during capacitation. Unfortunately, con­
ventional transmission electron microscopy (TEM) has 
not shown any morphological changes in sperm heads 
during the capacitation process (Bedford, 1972) . How­
ever, Koehler and Gaddum-Rosse (1975) have reported 
characteristic changes in the plasma membrane of the 
sperm midpiece during capacitation in guinea pigs when 
freeze-fracture techniques were used. Furthermore,
Gordon «st al^ (1974, 1975) reported that the ability of 
the sperm cells to bind lectin (Concanavalin-A) 
progressively decreases during capacitation, starting 
at the tip of the head. Utilizing the same ultra- 
structural techniques, Byrd (unpublished data) has 
suggested that the removal of T-HCl fluorescence from 
bovine spermatozoa by BSA was an initial step in the 
capacitation process, since the BSA was not capable of 
removing bound Concanavalin A-ferritin from the tip of 
the sperm head.
The effects of BSA and TiX solution on the 
fluorescence of sperm cells in Trial 1 and Trial 2 are 
presented in figure 4. The fluorescence of the sperm 
cells in the BSA treatments (E, F and G) was reduced 
(P<.01) in Trial 2 (1.6±.5, 1.1±,3 and 10±.4, respectively) 
compared with corresponding treatments in Trial 1
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(2.3±.5, 2±.4 and 1.8+.4, respectively). The only 
difference in the experimental conditions between these 
two trials was the Lot No. of the BSA utilized in each 
treatment. Since the BSA used in Trial 1 had been on 
the shelf approximately a year before it was used, the 
extended shelf-life may have affected the results 
attained. The BSA in Trial 2, due to its freshness, 
was possibly more efficient in removing the fluorescence 
from the sperm cells. This finding should be taken into 
account in future studies of in vitro capacitation induction.
B. Intact Acrosomes. The acrosome staining tech­
nique of Bryan and Akruk (1977) proved to be an efficient 
method of identification of acrosomal integrity. Using 
this technique on bovine spermatozoa the acrosomes could 
be easily distinguished when present on the sperm heads.
When comparisons were made concerning the per­
centage of intact acrosomes (figure 5), the pooled BSA 
treatments (Cb, Cc, Db, Dc, E, F and G) had a lower 
(P<.01) percentage of intact acrosomes (92.4±12) than 
did the pooled TiX treatments (H, I and J) (83.7±5.4).
It appears that a positive effect on the acrosome re­
action is induced by suspending bovine spermatozoa in 
BSA. Furthermore, the top TiX layers (Ca and Da) had 
a lower (P<.01) percentage of intact acrosomes (88.9±6.7) 
than the combined T tX treatments (H, I and J) (94.7±5.1). 
Apparently, the top TiX layer of spermatozoa had enough
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exposure with the upper BSA layer of each column to 
cause a reduction in the percentage of intact acrosomes 
in the top semen layer.
Previously BSA had been proposed to have an in­
fluence on capacitation and the acrosome reaction by 
researchers in several laboratories. Detoxified 
mammalian follicular fluid or blood serum has been shown 
to induce both capacitation and the acrosome reaction in 
hamster spermatozoa (Barros and Austin, 1967c; Yanagimachi, 
1969a,b; Barros and Garavagno, 1970; Yanagimachi, 1970b). 
Furthermore, Breuer and wells (1977) have reported that 
bovine follicular fluid promotes capacitation and the 
acrosome reaction of bovine spermatozoa.
In order to help identify the protein factor (?) 
responsible for the acrosome reaction, Yanagimachi 
(1969b) separated two fractions from bovine follicular 
fluid which were responsible for the in vitro acrosome 
reaction in hamster sperm cells. One fraction was 
responsible for sperm motility while the second in­
duced the acrosome reaction. In a subsequent report, 
Bavister and Morton (1974) separated fractions of human 
serum with molecular weights of 80,000 to 180,000 which 
were also effective in inducing the acrosome reaction 
in hamster spermatozoa. More recently, Lui et al. (1977) 
have purified and characterized the reactive protein in 
bovine follicular fluid as albumin. In addition to
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endogenous proteins, certain commercially available 
preparations of rabbit, human and bovine serum albumins 
have been effective in the in vitro induction of the 
acrosome reaction of hamster sperm cells (Yanagimachi, 
1970b, Bavister and Morton, 1974). Thus, albumin may 
play an important role as an active in vivo and in 
vitro inducer of the acrosome reaction of mammalian 
spermatozoa.
Not only has it been demonstrated that BSA can 
induce the acrosome reaction, but this inherent ability 
of BSA can be enhanced through its concentration and 
purity (Lui et al., 1977). In the present experiment, 
the BSA in Trial 2 was more effective in removing 
sperm cell fluorescence than the BSA in Trial 1 (figure 
6 ). In contrast, the stored BSA in Trial 1 was better 
able to reduce (P<.01) the number of intact acrosomes 
(80.2±8) as compared to the fresh BSA in Trial 2 
(90.6±12) (figure 6 ). Since the decrease in fluorescence 
of spermatozoa was an indicator of capacitation (Ericsson, 
1967) and capacitation is the precursor of the acrosome 
reaction (Bedford, 1970, 1972; Yanagimachi and Usui,
1974), the loss of fluorescence in the present experi­
ment should be accompanied by an increase in the number 
of acrosome reacted sperm cells. However, the acrosome 
reaction and capacitation may be controlled by separate 
entities (Barros and Berrios, 1977) which may help 
explain the capabilities of the different BSA lots to
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enhance either the loss of fluorescence or the increase 
in acrosome reacted spermatozoa in the present experi­
ment. Perhaps the BSA in Trial 1 was of purer quality 
than the BSA in Trial 2, thus, increasing its ability 
to increase the number of acrosome reacted sperm cells. 
Conversely, the BSA in Trial 2 may have possessed a 
property which enabled it to increase its capacitation 
inducing ability over the BSA in Trial 1.
Experiment II. A summary of the semen character­
istics for ejaculates used in Experiment II are summarized 
in table 5.
A. Intact Acrosomes. Recent investigations have 
involved BSA as the primary inducer of the acrosome 
reaction (Lui et al ., 1977). In the present experiment, 
shown graphically in figure 7, the combined TiX (A and 
C) treatment groups (92.3±3.5) had a higher percentage 
(P<.05) of intact acrosomes over all sampling times and 
ejaculates than did the combined BSA (B and D) treatment 
groups (91±4). As previously shown in Experiment I, 6 % BSA 
was also capable of reducing (P<.01) the percentage of 
intact acrosomes after 1 hr of incubation. However, in 
the present experiment, the 3% BSA treatments (B and D) 
did not reduce the sperm cell acrosome percentage at 
any specific sampling time (figures 8 and 9). This 
suggests that the low percentage of BSA (3%) utilized in
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TABLE 5. SEMEN CHARACTERISTICS FOR EJACULATES 
USED IN EXPERIMENT II.
Item Units
No. bulls 5
No. ejaculates 2 0
Avg volume/ejaculate (ml) 7 . 6±1.8
Avg semen concentration/(ml) 1,553.9x10s
Avg % progressive motility 
following dilution in TiX 58±5.2
Avg progressive rate
following dilution in TiX 2. 7± . 4
Avg % intact acrosomes of 
raw semen 98.4±1.8
aMean ± standard deviation.
57
u
1tao
o
<
o<d
+»c
100 + SD
90—
80 —
70
60 —
50 —
BSA
Treatment
Figure 7. The effect of combined BSA and combined 
TiX treatments on the mean percentage of intact 
acrosomes. Means with same letter are not significantly 
different.
100 —
5  9 5 -
+ SD
m
Ito
oM
U
<
o
<a
c
90 H
85 —
80 —
++TiX-Ca 
TiX+Ca++ ---
X
Diluted 24 0 250 270 300 330 360
Sampling Time (min)
Figure 8 . Effect of T»X+Ca++ andTiX-Ca++ on the 
mean percentage of intact acrosomes at different in­
cubation times.
58
w
Ioto
o
u
<
o
(0
100 — | 
95 —  
90 —  
85 —  
80 —
+ SD
.1
__J___1
++BSA+Ca
BSA-Ca++ ---
Diluted 240 250 270 300 330 360
Sampling Time (min)
Figure 9. Effect of BSA+Ca++ and BSA-Ca++ on the 
mean percentage of intact acrosomes at different in­
cubation times.
+ SD
»
E
S
ou
<
4Joflj
4>c
100
90 —
80
70
60
50
Madiun Mediun
+Ca++ -Ca++
Treatment
Figure 10. The effect of the pooled addition or 
pooled omission of calcium to the media on the mean 
percentage of intact acrosomes. Means with same letter 
are not significantly different.
59
this experiment was not adequate to permit a high 
percentage of spermatozoa to undergo the acrosome reaction 
even though the incubation time was lengthened to 
overcome the decreased amount of BSA in the culture 
media. Correspondingly, when Yanagimachi and Usui 
(1974) incubated guinea pig spermatozoa for 4 hr in 
a calcium-free Krebs-Ringer1s solution supplemented with 
. 1% BSA, only .01 to .5% guinea pig spermatozoa under­
went activation followed by an acrosome reaction. As 
the incubation time increased, however, there was a 
corresponding increase in the percentage of acrosome 
reacted sperm cells to approximately 60% by 1 0  hr of 
incubation. Preliminary observations in the present 
experiment revealed that an incubation time of longer 
than 4 hr was detrimental to sperm cell survival. There­
fore, an extended incubation time of bovine spermatozoa 
could not be employed to obtain a significant decrease 
in the percentage of intact acrosomes as was reported 
by Yanagimachi and Usui (1974) .
Although the acrosome reactive ability of BSA has 
now been documented (Yanagimachi, 1969b; Breuer and 
Wells, 1977; Lui et al.., 1977), other components of in 
vitro culture media may be involved in the capacitation 
and acrosome reaction processes. Yanagimachi and Usui 
(1974) demonstrated the importance of Ca++ on the 
acrosome reaction of guinea pig spermatozoa. In the 
latter study, sperm cells incubated in Ca++-free medium
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displayed neither activation nor the acrosome reaction 
regardless of the duration of incubation. However, 
when 2 to 4 mM of calcium were added to the sperm suspen­
sion after 10 hr of incubation, 40 to 60% of the sperm 
population underwent the acrosome reaction within a 7 
to 10 minute period. Barros ert al_. (1973) also reported 
that when sperm cells of guinea pigs were incubated in Ca++- 
free medium, there was a low incidence of reacted 
acrosomes. Results were considerably higher in the medium 
used containing calcium. The report of Yanagimachi and 
Usui (1974) did further indicate that capacitation could 
occur in a Ca++-free media, but that the acrosome re­
action could not proceed without the addition of Ca++ to 
the medium.
In the present experiment, the presence 
or absence of Ca++ (pooled A and B vs pooled C and D,
respectively) did not affect the number of intact 
acrosomes (91.7±4 vs 91.8±4, respectively) as shown in 
figure 10. The failure to get an acrosome reaction when 
the Ca++ was added back to the media in the present 
study may have been the result of insufficient incuba­
tion time to insure complete capacitation of the bovine 
spermatozoa. Byrd et al. (1979) demonstrated that 
capacitation of bovine spermatozoa is likely dependent 
on Ca++ in the medium. In this latter study, decreased 
Ca++ concentrations lengthened the time of capacitation 
from 25 min (with Ca concentrations of . 6 8 to 2.7 mM)
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to 60 min or longer in concentrations of .07 to .14 mM 
of calcium.
As shown in figures 8 and 9 in this study, there 
was a decline (P<.01) in the percentage of intact 
acrosomes in the combined TiX (A and C) and combined 
BSA (B and D) treatment groups after 4 hr of incubation 
(93.3±2.1 and 91.4±3.1, respectively) from the initial 
dilution of the spermatozoa (97.7H.3 and 98.3±1.5, 
respectively). This decline should have been expected 
since lengthened incubation time has been shown to 
decrease in the number of intact acrosomes of rats 
(Austin and Bishop, 1958a).
B. Progressive Rate. The effects of 4 hr of incuba­
tion on the progressive rate of the different treatments 
from the initial progressive rate are shown in figure 1 1 . 
The progressive rate of the combined treatments (A, B,
C and D) taken after the semen was diluted in TiX solu­
tion (2.7±.4) was lower (P<.01) than the rate of the 
four treatments combined following the 4 hr incubation 
(3.2±.35). Furthermore, the pooled BSA treatments (B 
and D) (3.5±.35) had a higher (P<.01) progressive rate 
than the pooled TiX treatments (A and C) (2.91.35). 
However, there was no difference between the addition or 
omission of Ca++ (combined A and C; combined B and D, 
respectively) to the incubation media on the progressive 
rate.
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Figure 11. The effect of 4-hr incubation on the mean 
progressive rate (+SD) of the different treatments from the
mean initial progressive rate. Means with same letter are ^
not significantly different. w
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The significant increase in the progressive rate of 
the sperm cells in the BSA media could be the result of 
the cells becoming capacitated. Even though Yanagimachi 
and Usui (1974) stated that the guinea pig spermatozoa 
in the capacitated state displayed an "activation" which 
was followed by the acrosome reaction, Barros and 
Berrios (1977) questioned whether activation of sperm 
cells actually meant the cells had reached the 
capacitated state. In both the latter reports,activated 
guinea pig spermatozoa did not fuse with zona-free 
oocytes. In an earlier study, Barros et al^ (1973) 
had suggested that since noncapacitated sperm cells of the 
guinea pig could penetrate zona-free hamster ova in 
vitro when placed between a coverslip and glass slide, 
the "activation" pattern of sperm motility 
was not essential for fertilization. The 
theory relating to capacitation has been that once the 
process has started the spermatozoa would then undergo 
the acrosome reaction (Yanagimachi and Usui, 1974).
Since Barros and Berrios (1977) have been able to 
separate the activated state and acrosome reaction for 
a temporary period of time, perhaps another factor is 
involved after activation before the capacitated state 
is fully reached. This may also help to explain why the 
sperm cells could increase their rate without further 
decreasing the percent intact acrosomes in the BSA 
treatments in the present experiment.
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C. Progressive Motility. As shown in figure 12, the 
progressive motility following dilution in TiX (57.7±5) 
did not change after 4 hr of incubation when compared 
to the average progressive motility (57.6 ±5) of the 
combined treatments (A, B, C and D) .
Also, when the BSA treatments (B and D) (57.8+5} 
were compared with the TiX treatments (A and C) (57.3±5) 
there was no difference in percent motility regardless of 
the presence or absence of Ca++ in the media. BSA has 
been shown to be capable of reducing the decline in 
sperm motility in vitro in hamsters and bulls (Yanagimachi, 
1969b; Bredderman and Foote, 1971; Harrison et al^, 1978). 
However, the mechanism of the stabilizing factor of 
serum albumin is still unsolved. Lindholmer (1974) and 
Johnsen and Eliasson (1976) suggested that albumin, by 
its chelating action on zinc, has a protective action on 
human spermatozoa. However, Harrison et al_. (1978) con­
cluded that since EDTA did not preserve the sperm motility 
when it replaced BSA, albumin was not acting primarily 
as a chelating agent.
In order to identify the moieties present in serum 
albumin responsible for its motility-preserving action, 
Harrison et al^ . (1978) found that neither defatting (to 
remove bound free fatty acids) nor alkylating (to block 
the free SH-group) could reduce the beneficial effect 
that BSA had on sperm motility.
100 -1
r h  + sd
80 -
£  60 “
-H
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Figure 12. Effect of 4-hr incubation on the mean percent 
motility for the different treatments from the mean initial 
percent motility. Means with same letter are not significantly 
different.
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Emrnens and Swyer (1948) , Blackshaw (1953) and White 
(1953) had also reported a protective action of high 
molecular weight compounds on sperm cell motility. 
Harrison et al^ (1978) concluded that although macro­
molecules (polyvinylpyrrolidone, mucin, ovalbumin) had 
sperm motility-protective action, BSA and human serum 
albumin were far superior at preserving motility.
To date it appears that the beneficial effect of 
BSA on sperm motility exists; however, in the present 
experiment perhaps the incubation length or amount of 
BSA was not sufficient to produce an increase in sperm 
cell motility in the 3% BSA media (B and D).
SUMMARY AND CONCLUSIONS
Experiment I . A total of 42 ejaculates in two 
separate trials (28 and 14 ejaculates) from five dairy 
bulls were evaluated for fluorescence (IHJCl) removal and 
intact acrosomes. The ejaculates were allotted to 
the following treatments: (A) Raw semen; (B) raw semen
plus T-HCI; (C) and (D) two columns of 6 ml of 6 % BSA
were layered with 2 ml of T-HQ-treated semen; in (E),
(F) and (G) 2, 1 and .5 ml of diluted semen were mixed 
in € ml of 6 % BSA, respectively; and in (H), (I) and
(J) 2, 1 and .5 ml of diluted semen were mixed in 6 ml 
of TiX, respectively. After 1 hr, the semen columns (C 
and D) were separated into the top semen layer and upper 
and lower BSA layers, and all treatments groups were 
evaluated and compared.
Culturing or layering spermatozoa in 6 % BSA for 1 
hr effectively reduced (P<.01) or removed the fluorescent 
T-HCI from the spermatozoa. Furthermore, the number of 
intact acrosomes was also decreased (P<.01) when the 
sperm cells are exposed to 6 % BSA for 1 hour.
Based on the present study, these data indicate that 
6% BSA can be used as an effective method for initiating 
the capacitation of bovine spermatozoa outside of the 
female reproductive tract which has not been reported prior 
to this time.
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Experiment II. Twenty ejaculates from five bulls 
were evaluated for percent intact acrosomes following 
treatment for 4 hr in 3% BSA medium with or without 
calcium.
Combining all sampling times and ejaculates, the 
3% BSA medium lowered (P<.05) the percentage of intact 
acrosomes. However, the addition or omission of Ca++ 
from the medium did not affect the number of intact 
acrosomes. The combined BSA treatments had a higher 
(P<.01) progressive rate than the combined TiX controls. 
Again, there was no difference between the addition or 
omission of Ca++ to the incubation media on the progres­
sive rate. The BSA treatments did not increase the 
sperm cell motility after 4 hr of incubation regardless 
of the presence or absence of the Ca ions.
In the present experiment these results indicate 
that the incubation of bovine sperm cells for 4 hr in 
31 BSA was not sufficient to completely capacitate the 
spermatozoa. Therefore, the omission of Ca++ could 
not affect the percent of intact acrosomes after the 
addition of Ca++ ions to the incubation medium. These 
observations have recently been substantiated by Byrd 
et al. (1979) at this institution.
CHAPTER II
ATTEMPTED IN VITRO FERTILIZATION OF BOVINE OOCYTES
Introduction
In most mammals fertilization occurs only after 
capacitated spermatozoa encounter mature oocytes. In 
vitro fertilization has been achieved in many laboratory 
animals (Brackett and Williams, 1965; Whittingham, 1968; 
Bavister, 1969; Toyoda et al_., 1971; Yanagimachi, 1972; 
Miyamoto and Chang, 1973), monkey (Gould et al., 1973), 
human (Bavister et al., 1969), cat (Hamner et el., 1970; 
Bowen, 1977), dog (Mahi and Yanagimachi, 1976) and possibly 
the cow (Brackett et al., 1978).
Cleavage alone had been used as a positive indication 
of fertilization; however, Austin (1961) had reported 
that cleavage may also be due to spontaneous activation 
or fragmentation of the ovum. Therefore, other 
criteria must also be employed to indicate successful 
fertilization, such as two or more polar bodies, two 
pronuclei within the vitellus and absence of cortical 
granules in the vitellus (Szollosi, 1962; Yanagimachi 
and Chang, 1964; Edwards et al., 1969).
Sperm capacitation followed by the acrosome reaction 
are essential to successful in vitro fertilization 
(Bedford, 1970). While attempting in vitro fertilization 
in the large domestic animals, Brackett et el. (1978)
69
70
indicated the attainment of iri vitro fertilization of 
bovine embryos by the utilization of increased NaCl 
(380 mOsm/kg) solution to induce sperm cell capacitation. 
In an earlier study, Goodeaux et al. (1978) also reported 
capacitation of bovine spermatozoa using 6 % BSA in the 
medium. However, the fluorometric assay technique 
(Ericsson, 1967) employed to determine capacitation has 
been under scrutiny by different workers (Bedford, 1967; 
Vaidya et al^ . , 1969). Therefore, the validity of the 
BSA capacitation technique will be tested in the present 
experiments in an attempt to fertilize bovine oocytes 
in vitro with BSA-treated spermatozoa.
MATERIALS AND METHODS
Experimental Animals. Sixteen mature Angus,
Simmental, Hereford and Chianina crossbred cows (432 
to 545 kg) were injected intramuscularly with 2,OOOIU
p
of Pregnant Mare's Serum Gonadotropin (PMSG) during the 
luteal phase (days 10 to 14) of the estrous cycle to 
stimulate follicular growth. Forty-eight hours later, 
a dose of 25 or 35 mg of Prostaglandin F2 alpha 
(PGF2a) was given intramuscularly to each donor female.
The cows were observed at least four times daily for 
estrual behavior and approximately 24 hr (range 21 to 33) 
after the donors were observed in standing estrus, ova 
were collected by a standard surgical method.
Surgical Ova Collection. Donor cows were administered
g
a pre-anesthetic agent (Surital) then anesthesized 
( F l u o t h a n e ) a n d  prepared for aseptic surgical collec­
tion of unfertilized ova. At surgery the reproductive 
tract was exposed via a mid-ventral incision. The 
uterine tube was then cannulated at the ostium abdominale 
with Tygon tubing (.3 cm O.D.) and the tubing secured 
with metal clips. After manually closing off the uterine 
horn proximal to the uterine tube (6 to 8 cm below the
utero-tubal junction) an 18-gauge, blunted needle 
  ------------
PMSG MQ-577, Upjohn Limited, Crawley Sussex, England. 
®Biothal (Surital), Bio-Ceutic Laboratories, St. 
Joseph, MI 64502.
lOpiuothane, Ayerst Laboratories, Inc., NY, NY 10017.
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attached to a 60ml syringe was utilized to flush 40 to 
45 ml of medium through the uterine tube. The flushing
medium was made up of Dulbecco's phosphate buffered
11 1 *5 
saline (PBS), 10% heat-inactivated fetal calf serum
13(FCS), pyruvic acid (11 mg/100 ml) and 1% of a anti-
14biotic-antimycotic. During the trial one flush from
each uterine tube was found to be sufficient to collect 
a high percentage of ova.
Ova were also obtained for this experiment from 
follicles ( > 1 2  mm) following a bilateral ovariectomy.
This procedure included taking a 3ml syringe containing 
a small amount of PBS equipped with a 22 gauge needle 
and inserting the needle into the follicle through the 
ovarian stroma. The liquor folliculi was then slowly 
aspirated until the follicle had completely collapsed.
The ova collected from uterine tubes and follicles 
were held in 35x10 mm tissue culture dishes and trans­
ferred (within 30 min) to fresh PBS. All culture dishes 
were maintained at room temperature.
Semen Collection. Three mature Simmental bulls, 
ranging from 3 to 4 years in age, were rotated for semen
^Dulbecco's Phosphate Buffered Saline (IX), Cat. No. 
404, Grand Island Biological Co., Grand Island, NY 14072.
l^Fetal calf Serum (Heat-Inactivated), Cat. No. 614HI, 
Grand Island Biological Co., Grand Island, Santa Clara,
CA 95050.
13pyruvic Acid Sodium Salt, Lot No. B7B, Eastman 
Kodak Co., Rochester, NY 14650.
HAntibiotic-Antimycotic (lOOx). Cat. No. 524, Grand 
Island Biological Co., Grand Island, Santa Clara, CA 95050.
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collection on a daily basis for 10 days. An electro-ejacu- 
lator was employed to obtain semen from each bull approxi­
mately 1 hr prior to the ova recovery procedure on the donor 
females. Ejaculates were maintained in an incubator (38C) 
until the semen evaluation had been completed.
Experiment III. The present experiment was conducted 
to test the results of the in vitro capacitation procedure 
with an in vitro fertilization system.
A. Semen Preparation. While the cows were under­
going surgery* the concentration* progressive motility 
and progressive rate of the semen were determined by 
standard laboratory methods. The ejaculate was then 
split and assigned to one of four treatments as follows:
(A) Brackett's Defined Medium-treatment (BDM-T) (Brackett 
and Williams, 196B) , (B) BDM-control (BDM-C) , (C) BSA-
treatment (BSA-T) and (D) BSA-control (BSA-C). A tabular 
description of the experimental design for the spermatozoa 
capacitation procedures is shown in table 6 .
After the Brackett's Defined Medium (BDM) had been 
infiltrated with 5% C02* 5% 0 2 and 90% N 2 (pH 7.3), 
semen samples assigned to the BDM-treatments (A and B) 
were then washed with 5 ml of BDM* centrifuged (5 min at 
3*000 rpm) and the supernate removed- BDM-T spermatozoa
(A) were then resuspended in 2 ml of BDM with 11 mg/100 ml 
of NaCl (380m0sm) for 10 min in an incubator (38C).
The semen sample allocated for BDM-C (B) was 
similarly handled and resuspended in BDM without
TABLE 6. DESCRIPTION OF SPERMATOZOA CAPACITATION EXPERIMENTAL DESIGN FOR EXPERIMENT III.
Treatment
group
Treatment
Medium
plus
NaCl
Medium 
plus 
6 % BSA Description of medium
Treated 
semen 
allotted 
to PBSM
Treated 
semen 
allotted 
to BDM
Treatment A BDM-T + Brackett's Defined Medium 
plus NaCl (380 moSm)
+ +
Treatment B BDM-C - - Brackett's Defined Medium + +
Treatment C BSA-T - + Tyrode's Solution Plus 
6 % BSA
+ +
Treatment D BSA-C - - Tyrode's Solution + +
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addition of the NaCl. Both the BDM-T (A) and BDM-C
(B) samples were then centrifuged (5 min at 3,000 rpm), 
the supernate discarded and the sperm cells resuspended 
in BDM or PBS Medium (PBS, 20% FCS, 11 mg/100 ml 
pyruvic acid and 1 % antibiotic-antimycotic agent) at a 
concentration of 1 0 0 x 1 0 * sperm cells/ml of 
medium.
The same time that the BDM samples (A and B) were 
being prepared, the remaining portion of the ejaculate was 
diluted in Tyrode's solution (pH 7.3) with 1% Tris buffer at 
concentration of 100x10* sperm/milliliter. The diluted 
semen samples were then allotted immediately to either 
the BSA-T (C) or BSA-C (D) treatments and maintained 
at room temperature. The BSA-T semen sample (C) was 
layered (2 ml of 100x10 spermatozoa in TiX) over 6 ml 
of 6 % BSA (five 13x125 mm columns), while the BSA-C 
sample (D) (2 ml of 100x106 cells in TiX) was mixed in
6 ml of TjX (five columns). After 1 hr, all but the 
bottom 2 ml of the semen columns in the BSA-T sample (C) 
were aspirated and discarded. The remaining portions 
of the columns were pooled according to treatment 
(either BSA-T or BSA-C), centrifuged (3,000 rpm for 5 
min) and the supernate removed. The cells were then re­
suspended in either BDM or PBSM, which had been previously 
filtered through millipore filters,at a given concentra­
tion of 40x10* live spermatozoa/ml of medium. At 
this time all four semen treatments (A, B, C and D) were
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reevaluated for progressive motility and progressive 
rate and maintained at 38C in an incubator.
B. In Vltfio Fertilization Procedure. The ova 
which had been stored at room temperature in fresh PBS 
were randomly allotted by donor female across the semen 
treatment groups. After allottment, ova were transferred 
to 12x75 mm culture tubes^ (one ovum/tube) containing 
40xl06 live spermatozoa from one of the semen treatment
groups suspended in 1 ml of either PBSM or BDM (figure 13). The 
tubes containing BDM were infiltrated with 5% C02, 5% 0 2 
and 90% N 2 and capped prior to incubation .
The culture tubes were maintained for 24 hr in an 
incubator (38C) and examined with an inverted microscope 
for developmental changes within the ova.
C. Pr« :ion of Ova for Transmission Electron
At the end of the 24 to 26-hr incubation period, 
the ova were fixed in 3% glutaraldehyde in .1M 
phosphate buffer for approximately 14 days. After 
fixing the ova were washed three times ( 2 0 min each) 
in .1M phosphate buffer (pH 7.4) and post-fixed for 1.5 hr 
in 1% osiurn tetroxide. The ova were then dehydrated 
in a graded ethanol series ( 1 0  to 1 0 0 %) and embedded in
1 5 "Dispo" Culture Tubes, Catalogue No. T-1338-10, 
Scientific Products, McGraw Park, IL 60085.
Microscope
EXPERIMENTAL DESIGN
FRESH
SEMEN
CONTROL TREATED
TiX 
1 Hr
BDM 
10 Min
PBSM BDM BDMPBSM
BSA 
1 Hr
BDM + NaCl 
10 Min
PBSM BDM PBSM BDM
40x106 live spermatozoa/ovum
Figure 13. The experimental design for Experiment III.
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Spurr's preparation in accordance with standard laboratory 
procedures. Thin sections of selected ova were obtained 
with a glass knife and stained with lead citrate and 
uranyl acetate.
Experiment IV. The present experiment was conducted 
to improve on the culture techniques utilized in Experiment 
III to achieve in vitro fertilization.
A. Semen Collection and Preparation. A mature 
Simmental bull, 3 years in age, was used for semen 
collection as previously described in Experiment III.
Each ejaculate was divided into two treatments as 
follows: (A) BSA treatment (BSA-T) and (B) BSA control
(BSA-C) as illustrated in table 7. In the present experi­
ment, the culture medium (PBS medium) was increased to 
4 ml and the concentration of live spermatozoa/ovum 
was reduced to 10x10* live cells (figure 14).
B. Ova Collection and Preparation. Uterine tubal 
ova were collected surgically and prepared for the in vitro 
fertilization experiment by the same experimental procedure 
as previously described in Experiment III.
After 15 to 20 hr of culture (38C), the ova were 
transferred to fresh PBS medium. The ova were then fixed 
after 24 hr of culture for TEM examination as previously 
described in Experiment III.
Statistical Analysis. Data were examined statisti­
cally using analysis of variance and means for sperm cell
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TABLE 7. DESCRIPTION OF SPERMATOZOA CAPACITATION 
EXPERIMENTAL DESIGN FOR EXPERIMENT IV.
Treatment
group Treatment
Medium 
plus 
6% BSA
Description 
of treatment 
media
Treatment A BSA-T + Tyrode's solution 
plus 6% BSA
Tyrode’s solution
Treatment B BSA-C
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EXPERIMENTAL DESIGN
SUPEROVULATED COW
24 HR 
POST-ESTRUS
OVA COLLECTION 
(Follicles > 12 mm)
FRESH SEMEN
/ \
10 x 10* live sperm/ovum
BSA LAYERED 
1 HR
TiX 
1 HR
4 ml PBSM 4 ml PBSM
Figure 14. The experimental design for Experiment IV.
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progressive rate and progressive motility of the sperma­
tozoa in the capacitation procedures were compared 
according to Duncan's multiple range test (Steel and 
Torrie, 1960) . Differences between the two culture media 
utilized were not compared statistically since the number 
of ova from several donors was limited to less than the 
total number of treatments.
RESULTS AND DISCUSSION
Experiment III. Experiment I suggested that 6% BSA 
could induce in vitro capacitation. The present experi­
ment was designed to test the results with an in vitro 
fertilization system.
A. Spermatozoa Capacitation. The senen characteristics 
for ejaculates in this study are presented in table 8.
The effects of the capacitation procedures on the 
progressive motility of bovine spermatozoa are shown in 
figure 15. The BSA-T treated bovine spermatozoa had a 
higher (P<.01) percent progressive motility (67+9.8) than 
did the BSA-C (34+8.4), BDM-T (36+7.21 and BDM-C (35±10). 
Since BSA-T appeared to filter out the non-motile spermatozoa 
by layering the sperm cells over the 6* BSA, this would 
likely yield a population of more highly motile sperm cells 
in the bottom layer. Similar results of separating non- 
motile from motile spermatozoa have been reported in the 
human (Ericsson et al^, 1973; Ross et al., 1975; Glaub et 
al., 1976; Ericsson, 1977; Black et al_., 1978), bull (Faust 
et al. , 1976; Illyes et al_., 1977) and stallion (Goodeaux 
and Kreider, 1978}.
Although the BSA treatment enhanced sperm cell 
motility, during the 10 min incubation of sperm cells in 
the high NaCl (380 mOsm) treatment (BDM-T), the pro­
gressive motility was decreased. However, the progressive 
motility was restored to pretreatment levels following 
removal of the hypertonic solution and resuspension in
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TABLE 8. SEMEN CHARACTERISTICS FOR EJACULATES USED
IN EXPERIMENT III.
Item Units
No. animals 5
Total no. of ejaculates 10
Avg volume/ejaculate 9.4±3.8
Concentration/ml 685x106
Initial progressive motility 35±13.1a
Initial progressive rate 2.0±.7
aMean ± standard deviation.
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Figure 1 5 . Effect of capacitation procedures 
on the mean percent motility of bovine spermatozoa. 
Means with same letter are not significantly 
different.
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Figure 16. Effect of capacitation procedures 
on the mean progressive rate of bovine spermatozoa. 
Means with same letter are not significantly 
different.
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Brackett's Defined Medium or PBS Medium. In contrast, 
Brackett and OXiphant (1975) reported that the use of a 
hypertonic (380 mOsm) medium would capacitate rabbit 
sperm cells but lowered the percent progressive 
motility from the initial reading of the raw semen.
In addition to lowering progressive motility of 
rabbit spermatozoa, Brackett and Oliphant (1975) also 
reported that the progressive motility of semen from 
certain male rabbits was able to withstand the hyper­
tonic solution treatment better than other male rabbit 
semen. This difference in progressive motility of semen 
following high NaCl treatment was not observed in the 
present experiment, since the ejaculates of the three 
bulls utilized responded to the BDM-T procedure without 
detrimental effects on the bovine sperm cells.
The effects of the capacitation procedures on the 
progressive rate of bovine spermatozoa are shown in 
figure 16. The BSA-T and BDM-T treatments (3.8 ±.4 and 
3.1±1) had a higher (P<,01) progressive rate than the 
two control treatments, BSA-C and BDM-C (2.2±1 and 2.4±1). 
The fact that capacitation of sperm cells is accompanied 
by an increase in the progressive rate has been well- 
substantiated by the scientific literature (Yanagimachi, 
1969a; Yanagimachi and Usui, 1974; Lui et al^, 1977). 
Brackett and Oliphant (1975) also suggested that the 
hypertonic medium utilized for rabbit sperm cell 
capacitation elicited the same "activation" effect which
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had been previously described by Yanagimachi (1969a,
1970) for hamster spermatozoa following in vitro capacita­
tion.
In the present experiment the BSA-T progressive 
rate (3.8±.4) was higher (P<.01) than the BDMT progressive 
rate (3.1±1). Even though both are attempted capacita­
tion procedures, the BSA layering technique also removes 
the non-motile fraction of sperm cells from the treated 
sperm cells. Since non-motile sperm cells may be 
hindering the progress of motile cells, the BSA-layering 
removal of non-motile spermatozoa may account for some 
of the difference in the progressive rates between the 
two treatments (BSA-T and BDM-T). Another additive 
feature of the BSA-T may be the sperm-protective action 
of the BSA itself, which enhances motility (Yanagimachi, 
1969b,* Bredderman and Foote, 1971; Harrison et al. , 1978).
B. In VLtKo Fertilization Attempt. A total of 218 
follicular or oviductal ova were collected from donor 
cows as previously described. After microscopic 
examination, 13 eggs were discarded due to either a 
degenerate cytoplasm or an inactivated cumulus. This 
criteria was set for oocytes because Trounson et al.
(1977) had reported that follicular oocytes in which the 
cumulus cells had not begun dissociation did not develop 
as readily as did ovulated or follicular oocytes with an 
"activated1* cumulus. The remainder of the ova (205)
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were randomly allotted across the respective treatments 
as shown in table 9.
Results of the oocyte recovery technique are 
summarized in table 10. Of the 273 follicles >12 mm that 
were aspirated, 134 follicles (52.6%) yielded oocytes.
This percentage was somewhat lower than that reported 
by Shea (197 8 ) who recovered 64% of the follicular 
oocytes that were attempted. In the present experiment, 
there was some variation in the ability of the attending 
associates to recover the follicular ova, which accounted 
for the overall lower recovery rate. The mean oviductal 
ova recovery rate was 6 3% (84 ova vs 138 corpora lutea). 
These results compare favorably with the range of 
recovery of 25 to 7 5% of oviductal ova recovered from 
superovulated cows reported by Dowling (1949), Avery and 
Graham (1962), and Hafez et^  al. (1963).
The results of the in vitro fertilization attempts 
are summarized in table II. None of the 205 oocytes 
incubated with spermatozoa for 24 hr cleaved or were 
parthenogenetically activated. However, one ova in the 
PBSM with BSA-T sperm cells had two polar bodies present 
after culture. This may be presumptive evidence of 
fertilization since the second polar body is shed at 
fertilization (Pincus, 1930; Pincus and Enzmann, 1934, 
1935). However, Pincus and Enzmann (1936), Pincus (1939) 
and Pincus and Shapiro (1940) have also reported extrusion 
of the second polar body in the absence of spermatozoa
TABLE 9. NUMBER OF OOCYTES DISTRIBUTED AMONG TREATMENTS IN EXPERIMENT III.
CULTURE MEDIA 
FOR FERTILIZATION
PBSM
OVA
BDM
SPERM TREATMENT
BSAT BSflC BCMC BCMTBSAT BSAC BCMC BCMT
252035 22
OVA
TOTAL OVA = 205*
thirteen oocytes were not put into culture due to degenerative 
condition following recovery from the donor cows.
00
00
TABLE 10. RESULTS OF OOCYTE RECOVERY TECHNIQUES PRIOR TO IN VITRO CULTURE IN EXPERIMENT III
Collection
daya
NO. of
COWS
No. fol. 
aspirated
No. ova 
rec.
% rec. 
from 
fol.
No. of 
CL
No. rec.
from
oviducts
% rec. 
from 
oviducts
1 1 14 7 50 - - -
2 2 41 18 44 - -
-
3 75 29 39 -
* -
4 1 40 2 0 50 - —
—
5 1 33 25 76 -
—
6 1 30 26 87 - - -
7 1 - - - 2 2 15 6 8
8 4 40 9 2 2 75 42 56
9 3 - - - 41 27 6 6
Totals 16 273 134 x=52.6b 138 84 x=63C
aDays semen was collected.
bRange in percent of follicular oocytes recovered = 22 to 87%. 
cRange in percent of oviductal recovery of ova = 56 to €8 %.
TABLE 11. RESULTS OF IN VITRO FERTILIZATION PROCEDURES AFTER 24 HR OF CULTURE
Trt
group
Total 
no. of 
ova
Cumulus
before
culture
Cumulus
after
culture
No. ova 
with 
sperm 
attached
No. sperm 
alive at 
24 hr
No. ova 
with 
granulated 
cytoplasm
Polar
body
before
culture
Polar
body
after
culture
PBS media
A. BSA-T 35 30 15 30 1 2 30 0 1 (2 PB)
B. BSA-C 2 1 18 1 0 2 1 7 18 0 0
C. BDM-T 26 23 1 0 26 5 23 0 0
D. BDM-C 2 1 2 0 18 2 1 3 19 0 0
BD media
E. BSA-T 35 30 9 35 5 34 0 1 (1 PB)
F. BSA-C 2 0 17 1 0 2 0 6 18 0 0
G. BDM-T 25 23 1 0 25 5 2 1 0 0
H. BDM-C 2 2 18 7 2 2 7 2 0 0 0
TOTALS 205 179 89 2 0 0 50 183 0 2
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in the rabbit.
Of the 179 oocytes in cumulus prior to culture, 90 
(50.3%) subsequently lost the cells. Seitz et al. (1970) 
also has reported the dispersion of the cumulus of 
rabbit ova within 5 hr when incubated with adequate 
numbers of capacitated spermatozoa.
In the present experiment the sperm cells in all 
treatments (200 of 205 ova, 94.6%) were tightly attached 
to the ova. However, only 24% (50 of 205 culture tubes) 
of the cultures had viable spermatozoa after 24 hr of 
incubation (motility of less than 10%). Each of these 
cultures contained 40xl06 live spermatozoa and one ovum in 
approximately 1 ml of medium. Milovanov and Sokolovskaya 
(194 5) reported that "both insufficiency and super­
abundance of spermatozoa have an adverse effect on 
fertilization". Brackett (personal communication) also 
stated that the spermatozoa concentration utilized in 
the only reported bovine in vitro fertilization had a 
motility of 10% or less in 4 ml of medium. In the 
present experiment it appeared that the amount of medium 
employed could not support the large number of sperm 
cells for 24 hr of incubation.
In addition to the adverse effect of the medium on 
the sperm cells, 183 of the 205 ova (89%) had cytoplasmic 
granulations after 24 hr of incubation. Several ova 
also appeared to have cleaved. However, these ova were 
undergoing degenerative fragmentation which resembles
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the cleavage of fertilized ova (Bacsich and Wyburn, 1945; 
Austin, 1950 and Chang, 1950).
Brackett et a_l. (1978) had reported successful 
in vitro fertilization of follicular and ovulated bovine 
ova by capacitating the sperm cells in a hypertonic 
solution. Fertilization was confirmed by observation of 
cortical granule disappearance. Brackett (personal 
communication) stated later, however, that the cortical 
granule breakdown was abnormal in many of the cleaved ova. 
Furthermore, in the present experiment no positive 
results were reported using Brackett's methods. It is 
possible that the differences in the amount of medium, 
sperm numbers and culture vessels utilized were detri­
mental to fertilization.
C. Examination of Transmission Electron Micrographs. 
After 24 hr in culture at 38C, 0 of 205 ova had cleaved. 
However, when four ovulated ova were carefully examined on 
the transmission electron microscope, the morphology 
of the sperm cells and ova appeared to have been affected 
by the experimental treatments. These results are con­
sidered preliminary, since only one ovum from each of four 
treatments was sectioned and micrographs obtained.
The contents of cortical granules are extruded 
into the perivitelline space when the fertilizing sperm 
fuses with the vitelline membrane (Austin, 1956;
Szollosi, 1962). Both the control ova examined with the TEM
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(BSA-C sperm in b d m  or PBSM) in the present experiment 
had intact cortical granules in the periphery of the 
vitelline membrane. However, the ovum cultured in BDM 
had several cortical granules which appeared in­
completely void of granular material. Although this was 
not found in the other treatments, it may have been due 
to an artifact of the fixing or dissection techniques.
The spermatozoa around both control ova (BDM 
or PBSM) had not undergone the acrosome reaction or shown 
signs of vesiculation (0 of 1 2 ; 0 of 1 0  sperm cells, 
respectively) which apparently must occur prior to 
penetration of the zona pellucida (Toyoda et^  al^, 1971a; 
Yanagimachi, 1972).
The ovum (BSA-T sperm cells) cultured in BDM also 
showed evidence of intact cortical granules and a greater 
distance between the zona pellucida and vitelline membrane 
than the control ova. However, less than 10% (1 of 
15) of the BSA-T sperm cells bound to the ovum had 
undergone vesiculation or the acrosome reaction, in­
dicating the culture medium possibly blocked the ability 
of the sperm to complete the acrosome reaction. Brackett 
and Williams (1968) , Brackett and Oliphant (197 5) and 
Brackett et al^ (1978) have nonetheless reported 
successful in vitro fertilization in the same medium as 
in the present experiment which precludes the detrimental 
effect of the medium.
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The ova (incubated with BSA-T sperm cells) 
cultured in PBSM had retained intact cortical granules, 
indicating the spermatozoa had not successfully fused 
with the vitelline membrane. However, one spermatozoa 
(plate 1 ) appeared to have partially digested away the 
zona pellucida. This result indicated the sperm cell 
had undergone the acrosome reaction and was capable of 
penetrating the zona pellucida. Penetration of the zona 
pellucida has been described as part of the first 
stage of fertilization (Thibault, 1967). Further in­
vestigation revealed that 90% (18 of 20) of the sperma­
tozoa viewed on the transmission electron microscope 
had the acrosome (plate 2 ) or had begun vesicula­
tion of the plasma and outer acrosomal membranes. Since 
a true acrosome reaction only occurs after capacitation 
has been completed (Bavister, 1969; Yanagimachi, 1969b; 
Yanagimachi and Usui, 1974), the BSA-T and incubation in 
the PBSM were considered conducive for this process in 
the present experiment.
Other observations of the treated ova were that 
the distance between the vitelline membrane and zona 
pellucida was wider than in the control ova and a 
section of a polar body was viewed between the 2 ona 
pellucida and vitelline membrane.
Sperm cells which had been incubated in the BSA (in 
both the PBSM and BDM) and parts of the treated ova 
retained a coating of crystalline structures around the
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Plate 1. Transmission electron micrograph of a bovine 
spermatozoon (midpiece cross-section) found within the zona 
pellucida after 24 hr incubation in PBSM.
- • -* , .
* *%
d C  *' ■.
\
Plate 2. Transmission electron micrograph of an acro­
some reacted bovine spermatozoon that has been layered for 
1 hr in BSA and incubated with a bovine oocyte for 24 hr 
in PBSM.
96
periphery of the cells. If the cells had lost the acro­
some or begun vesiculation these crystalline structures 
disappeared in the vicinity of the acrosomal cap. The 
crystalline structures were in all probability a BSA 
coating on the sperm cells (Socolofsky, personal communica­
tion) . This phenomenon had also been viewed by Byrd 
(personal communication).
Experiment IV. After the results of Experiment III 
were evaluated, the two main setbacks appeared to be 
(1 ) the overabundance of spermatozoa per ovum and (2 ) 
the small volume of medium utilized. Therefore, the 
second experiment was adjusted to overcome these limita­
tions .
A. Spermatozoa Capacitation. Semen characteristics 
of the ejaculates used during the capacitation pro­
cedures in Experiment IV are summarized in table 12 . As 
reported in Experiment III, separating sperm cells 
through 6 ml of 6 % BSA increased (P<.01) progressive 
rate (3.75±.4) when compared with the BSA-C (2±1.4). 
Furthermore, sperm cell progressive motility was greatly 
enhanced when the non-motile spermatozoa were removed 
by the BSA separation technique (BSA-T -77.5±3.5) when 
compared with the BSA-C treatment (35±.4). Although there 
was no significant increase in motility in Experiment 
III, a trend towards increasing the motility was observed.
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TABLE 12. SEMEN CHARACTERISTICS FOR THE CAPACITATION 
PROCEDURES FOR EJACULATES USED IN EXPERIMENT IV.
Item Units
No. animals 1
Total no. of ejaculates 2
Concentration/ml 815x10s
Avg volume/ejaculate 4.5± . 7
Initial progressive motility 4 5± 7a
Initial progressive rate
o+io•CM
BSA-T % progressive motility 77.5+3.5
BSA-T progressive rate 3.7S+.35
BSA-C % progressive motility 35+21
BSA-C progressive rate 2 .0 + 1.4
aMean ± standard deviation.
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As suggested earlier, increased progressive motility was 
expected since BSA has a motility-enhancing effect on 
spermatozoa (Yanagimachi, 1969b; Bredderman and Foote, 
1971; Harrison et a K , 1978).
B. In VitA.0 Fertilization Attempt. A total of 42 
ova were distributed to two treatments (34 ova to BSA-T 
and 8 to BSA-C) as shown in table 13. Since the 
present experiment was of short duration with 
a limited number of ova, the majority of 
the ova were allotted to the BSA-Treatment, thereby, 
increasing the chances of achieving in^  vitro 
fertilization.
In the present experiment 42 of 50 (84%) possible 
ova were collected from the uterine tubes (table 14).
No oocytes were recovered from follicles due to large 
amounts of blood present in the follicular fluid.
The results of the in vitro fertilization attempts 
after 24 hr culture are presented in table 15. These 
ova recovery results are similar to those presented in 
Experiment III. However, from one donor cow six of the 
seven collected oocytes had one polar body present before 
culture. In spite of the fact that these ova had 
resumed meiosis, 0 of 34 oocytes had cleaved after 24 
hr incubation. The possibility exists that the 
ova collected in this experiment could have been 
aged, since none of the donor cows were actually observed
TABLE 13. NUMBER OF OOCYTES DISTRIBUTED BETWEEN 
TREATMENTS IN EXPERIMENT IV.
PBS-MEDIUM
I
SPERM TREATMENT
BSA-T BSA-C
8 OVA
42TOTAL OVA
aMore ova were allotted to the BSA-T to maximize the 
chances for in vitro fertilization.
TABLE 14. RESULTS OF OOCYTE RECOVERY TECHNIQUES PRIOR TO IN VITRO CULTURE IN EXPERIMENT IV.
Collection
days
No. of 
cows
No.
follicles
aspirated
No. ova 
recovered
%
Recovered
from
follicles
No. of 
CL
No.
recovered
from
oviducts
%
Recovered
from
oviducts
1 2 0 0 0 24 24 1 0 0
2 1 2 0 0 26 18 69.3
TOTALS 3 2 0 0 50 42 x=84a
aRange for percent recovery from oviducts 69.3 to 100%.
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TABLE 15. RESULTS OF IN VITRO FERTILIZATION 
AFTER 24 HR CULTURE IN EXPERIMENT IV.
Item
PBS Culture Media 
BSA-T BSA-C
Total no. of ova 34 8
Cumulus before culture 14 2
Cumulus after culture 4 1
No. ova with sperm attached 34 8
No. sperm alive at 2 4 hr 30 7
No. ova with granulated cytoplasm 30 2
Polar body before culture 6 0
Polar body after culture 6 0
102
in standing heat prior to ova recovery. However, it was 
assumed that at least 16 of the 34 ova (47%) were still 
viable due to the presence of the cumulus at collection.
An intact cumulus should have indicated that ovulation 
had occurred close to the collection time. Subsequently, 
when these ova were checked 1 2  hr after the beginning 
of culture, 28 of the 34 (82%) had already shown signs 
of granulation. At first the medium was suspect, however, 
the PBSM did not have a detrimental effect on the sperma­
tozoa since live sperm cells were found in 30 of 34 (8 8 %) 
of the cultures.
In most mammals fertilization occurs shortly after 
ovulation which would insure the freshness of the ovum 
(Austin and Braden, 1954). In addition, if mating was 
delayed after hormonal induction of ovulation, the 
fertilizing cajability and viability of the ova would 
likely be decreased (Adams and Chang, 1962b). However, 
Fraser and Dandekar (1973b) reported that in vitro aging 
of intact, cumulus-devoid and corona-devoid rabbit 
ova did not lower their subsequent in vitro fertiliza­
tion rate. Nonetheless, there may be added detrimental 
factors within the oviductal environment which may have 
influenced the oocytes prior to collection in the 
present experiment. One clue to such a situation was 
the presence of blood in the follicular fluid at the 
time of ova collection.
SUMMARY AND CONCLUSIONS
Spermatozoa Capacitation. The method of Brackett 
et al. (1978) for capacitating sperm cells was compared 
to the layering of semen on 6 % BSA columns. Although 
both methods showed an increase (P<.01) in progressive 
rate after treatment, the BSA-layered sperm cells dis­
played an even higher progressive rate than the NaCl- 
treated spermatozoa. The BSA-treatment of the bovine 
sperm cells also had a higher (P<.01) percent progressive 
motility than did the controls or Brackett’s capacitation 
method. Therefore, both Brackett's and the BSA techniques 
of capacitation should provide spermatozoa with increased 
progressive rate to help enable the cells to penetrate 
the ovum for fertilization.
In Vi.tfio Fertilization Attempt. A total of 205 
oocytes were cultured for 24 hr in 1 ml of BDM or PBSM 
with 40x106 live spermatozoa/ovum from BSA-layering, 
NaCl-treatment or controls in Experiment III. Experi­
ment IV consisted of 4 2 oocytes incubated for 24 hr in 
4 ml of PBSM with 10x10* sperm cells/ovum from BSA- 
layering or TiX control.
Although direct evidence of fertilization was not 
obtained, it appeared that one ovum in PBSM (BSA-T sperm 
cells) did have two polar bodies. Also, the BSA-treated 
spermatozoa in the PBSM were able to complete the acrosome
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reaction and, therefore, could have possibly penetrated 
the ovum. The only presumptive evidence of fertiliza­
tion from the transmission electron micrographs was the 
presence of the spermatozoa midpiece located in the zona 
pellucida.
From the data presented, the first stage of in vitro 
fertilization of bovine oocytes can be accomplished with 
BSA-treated sperm cells in PBSM. However, improved 
culture techniques, the proper number of sperm cells per 
ovum and the optimal amount of medium per ovum needs to be 
adjusted in further experiments in order to obtain cleavage 
and growth of the bovine oocytes.
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APPENDIX TABLE 1. ANALYSIS OF VARIANCE 
FOR FLUORESCENCE OF CAPACITATED AND CONTROL SPERMATOZOA 
IN EXPERIMENT I (TRIALS 1 AND 2 COMBINED).
Source of 
variation d£
Mean
square F-value
Animal 4 10.69 1.62
Trial 1 262.40 42.87a
Group 13 4722.99 717.07®
Animal no. x trial 3 6 . 1 1 .93
Animal no. x group 52 4.71 .72
Trial x group 13 90.05 13.67a
Error 501 6.59
Total 5B7
aP < .01.
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APPENDIX TABLE 2. ANALYSIS OF VARIANCE FOR INTACT 
ACROSOMES OF CAPACITATED AND CONTROL SPERMATOZOA IN 
EXPERIMENT I (TRIALS 1 AND 2 COMBINED).
Source of 
variation df
Mean
square F-value
Animal 4 1 1 0 . 1 0 1.55
Trial 1 3402.48 48.01a
Group 13 559.38 7.89a
Animal no. x trial 3 14.78 . 2 1
Animal no. x group 52 55.25 .78
Trial x group 13 205.55 2.90a
Error 501 70.87
Total 587
aP < .01.
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APPENDIX TABLE 3. ANALYSIS OF VARIANCE 
FOR FLUORESCENCE OF CAPACITATED AND CONTROL SPERMATOZOA
IN EXPERIMENT I (TRIAL 1).
Source of 
variation df
Mean
square F-value
Animal 3 7.06 . 8 8
Group 13 4609.20 576.64a
Animal no. x group 39 4.13 .52
Error 336 7.99
Total 391
aP < .01.
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APPENDIX TABLE 4. ANALYSIS OF VARIANCE 
FOR INTACT ACROSOMES OF CAPACITATED AND CONTROL SPERMATOZOA
IN EXPERIMENT I (TRIAL 1).
Source of 
variance df
Mean
square F-value
Animal 3 1 0 0 . 6 1.14
Group 13 1419.98 16.05a
Animal no. x group 39 74.64 .84
Error 336 68.45
Total 391
aP < .01.
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APPENDIX TABLE 5. ANALYSIS OF VARIANCE 
FOR FLUORESCENCE OF CAPACITATED AND CONTROL SPERMATOZOA
IN EXPERIMENT I (TRIAL 2 ).
Source of 
variation df
Mean
square F-value
Animal 4 7.59 2.25
Group 13 2006.29 594.81a
Animal no. x group 52 5.25 1.56
Error 126 3.37
Total 195
aP < *01.
127
APPENDIX TABLE 6 . ANALYSIS OF VARIANCE 
FOR INTACT ACROSOMES OF CAPACITATED AND CONTROL SPERMATOZOA
IN EXPERIMENT I (TRIAL 2 ).
Source of 
variation df
Mean
square F-value
Animal 4 79.85 2.39
Group 13 65.58 1.96b
Animal no. x group 52 29.55 . 8 8
Error 126 33.44
Total 195
bP < .05.
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APPENDIX TABLE 7. ANALYSIS OF VARIANCE 
FOR INTACT ACROSOMES OF CAPACITATED AND CONTROL SPERMATOZOA
IN EXPERIMENT II.
Source of 
variation df
Mean
square F-value
Day 9 .0015 1.39
Ejaculate 1 0 . 0 0 1 1 1.45
Treatment 3 .0076 9.8 8 a
Day x trt 27 .00096 1.25
Ejaculate x trt 30 .00077 1.03
Time 6 .0651 87.37a
Day x time 54 .0004 .51
Trt x time 18 .0016 2 . 2
Day x trt x time 162 .00058 .78
Error 240 .0007
Total 559
aP < .01.
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APPENDIX TABLE 8 . ANALYSIS OF VARIANCE 
FOR PROGRESSIVE RATE OF CAPACITATED AND CONTROL SPERMATOZOA
IN EXPERIMENT II.
Source of 
variation df
Mean
square F-value
Day 9 .844 3. 6b
Ejaculate 10 .234 2.5
Treatment 3 1.079 10.26®
Day x trt 27 .009 . 81
Ejaculate x trt 30 .105 1 . 1 2
Time 1 8.556 91.27®
Day x time 9 . 2 1 2 2.27
Trt x time 3 1.321 13 .89®
Day x trt x time 27 .006 .84
Error 40 .093
Total 159
aP < .01. 
bP < .05.
130
APPENDIX TABLE 9. ANALYSIS OF VARIANCE 
FOR MOTILITY OF CAPACITATED AND CONTROL SPERMATOZOA
IN EXPERIMENT II.
Source of 
variation df
Mean
square F-value
Day 9 184.79 1.79
Ejaculate <day) 1 0 103.40 1 1 .4la
Treatment 3 6.25 .57
Day x trt 27 11.23 1.03
Ejaculate x trt 30 10.94 1 . 2 1
Time 1 .63 .07
Day x time 9 13.47 1.49
Trt x time 3 30.21 3. 33b
Day x trt x time 27 6.48 .72
Error 40 9.06
Total 159
< -01. 
bP < .05.
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APPENDIX TABLE 10. ANALYSIS OF VARIANCE 
FOR PROGRESSIVE RATE OF SPERMATOZOA USED FOR IN VITRO
FERTILIZATION IN EXPERIMENT III.
Source of 
variation df
Mean
square F-value
Treatment 3 4.89 5.86a
Error 36 .83
Total 39
aP < .01.
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APPENDIX TABLE 11. ANALYSIS OF VARIANCE 
FOR MOTILITY OF SPERMATOZOA USED FOR IN VITRO 
FERTILIZATION IN EXPERIMENT IV.
Source of 
variation df
Mean
square F-value
Treatment 3 2570.4 32.38a
Error 36 79.38
Total 39
aP < .01.
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